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Preface 


Vaccines are widely recognized as one of the greatest public health 
successes of the last century, significantly reducing morbidity and mortality 
from a variety of bacteria and viruses. Diseases that were once the cause of 
many outbreaks, common causes of loss of health and life, are now rarely 
seen, because they have been prevented by vaccines. However, vaccines can 
in rare cases themselves cause illness. A rare potential for harm can loom 
large when people no longer experience or fear the targeted disease. In this 
regard, the public opinion of vaccines can be a victim of their success. The 
Institute of Medicine (IOM) was charged by Congress when it enacted the 
National Childhood Vaccine Injury Act in 1986 with reviewing the litera- 
ture regarding the adverse events associated with vaccines covered by the 
program, a charge which the IOM has addressed 11 times in the past 25 
years. Following in this tradition, the task of this committee was to assess 
dispassionately the scientific evidence about whether eight different vaccines 
cause adverse events (AE), a total of 158 vaccine-AE pairs, the largest study 
undertaken to date, and the first comprehensive review since 1994. 

The committee had a herculean task, requiring long and thoughtful 
discussions of our approach to analyzing the studies culled from more than 
12,000 peer-reviewed articles in order to reach our conclusions, which are 
spelled out in the chapters that follow. In the process, we learned some 
lessons that may be of value for future efforts to evaluate vaccine safety. 
One is that some issues simply cannot be resolved with currently available 
epidemiologic data, excellent as some of the collections and studies are. 
Particularly for rare events, we look to the day when electronic medical 
records truly are universal and when society reaches a broad-based con- 
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sensus about how these records may be used to detect very rare adverse 
events from vaccines as well as other drugs and medical interventions. Even 
then, challenges will remain. Some adverse events caused by vaccines are 
also caused by the natural infection. These effects often cannot be detected 
by epidemiologic methods, which typically cannot distinguish between 
the adverse events that are caused by the vaccine itself and the decrease in 
adverse events due to the decreased rate of natural infection. In addition, 
even very large epidemiologic studies may not detect or rule out rare events. 
Subgroup analysis or more focused epidemiologic studies, informed by as 
yet incomplete knowledge of the biologic mechanisms of vaccine-induced 
injury, may be required. 

Examining mechanistic evidence to assess causation is also challenging. 
Many of the case reports the committee reviewed simply cited a temporal 
relation between vaccine administration and an adverse event. Associa- 
tion, however, does not equal causation. More is required. The proof can 
be relatively straightforward, as when vaccine-specific virus is recovered 
from the cerebrospinal fluid of a patient who develops viral meningitis a 
few weeks after receiving the vaccine. Alleged adverse effects that appear 
to be immune mediated, as many of them are, are more challenging, in part 
because the biology is not completely understood. One potentially useful 
line of inquiry as science advances is to assess whether the vaccine recipient 
who suffers harm had a preexisting susceptibility to that particular adverse 
event as such studies may provide insight into the mechanisms by which 
such events occur. The committee is aware of the work funded by the Cen- 
ters for Disease Control and Prevention (CDC) to study such individuals 
and looks forward to their findings. Most individuals, for example, who 
develop invasive infection from live vaccine viruses have demonstrated im- 
munodeficiencies. Our work was also complicated by the wide variation in 
the case reports regarding what other tests had been done to rule out other 
potential causes. To improve the utility of these reports, periodically con- 
vening a group of experts to suggest guidelines, based on the best available 
science, for providing mechanistic evidence that a particular adverse event 
was caused by a vaccine may be useful. These guidelines could be made 
available on the Web, and perhaps more important, shared with clinicians 
who report cases to the Vaccine Adverse Event Reporting System so their 
reports can be as complete and useful as possible. 

The value of dialogue between both epidemiologic and mechanisms 
approaches cannot be overstated. Epidemiologic studies can identify par- 
ticular at-risk groups, who can then be examined with more in depth test- 
ing to explore predisposing factors. The findings of such studies can then 
inform more focused epidemiologic research as well as efforts to reduce 
risks. These conversations between different types of research can be dif- 
ficult, but the results are worth it. 
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Although the committee is optimistic that more can and will be known 
about vaccine safety in the future, the limitations of the currently available 
peer-reviewed data meant that, more often not, we did not have sufficient 
scientific information to conclude whether a particular vaccine caused a 
specific rare adverse event. Where the data were inadequate to reach a sci- 
entifically defensible conclusion about causation, the committee specifically 
chose not to say which way the evidence *leaned," reasoning that such indi- 
cations would violate our analytic framework. Some readers doubtless will 
be disappointed by this level of rigor. The committee particularly counsels 
readers not to interpret a conclusion of inadequate data to accept or reject 
causation as evidence either that causation is either present or absent. In- 
adequate data to accept or reject causation means just that—inadequate. It 
is also important to recognize what our task was not. We were not charged 
with assessing the benefits of vaccines, with weighing benefits and costs, or 
with deciding how, when, and to whom vaccines should be administered. 
The committee was not charged with making vaccine policy. We did receive 
calls to stride into this contentious debate, but others, such as the Food and 
Drug Administration and the CDC, are tasked with formulating recom- 
mendations for use that balance the risk of vaccines with the benefits, with 
studying the safety of the vaccines during pre-release trials, and monitoring 
them closely once the vaccine is in use in the population. 

Our work could not have been accomplished without the concerted 
efforts of the committee members who did their work carefully with good 
cheer and open minds. The committee's talented and intrepid staff, Trevonne 
Walford, Erin Rusch, and Andrew Ford, led by the wisdom and experience 
of Kathleen Stratton, could not have been more wonderful to work with or 
more essential to the committee's task. 


Ellen Wright Clayton, Chair 
Committee to Review Adverse Effects of Vaccines 
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Summary 


Congress passed the National Childhood Vaccine Injury Act (P.L. 99-660) 
in 1986. The legislation was intended to bolster vaccine research and devel- 
opment through federal coordination of vaccine efforts in government by 
providing relief to vaccine manufacturers who reported at the time that 
financial burdens from awards in the tort system threatened their financial 
viability. The legislation was also intended to address concerns about the 
safety of vaccines through a multipronged approach involving instituting 
a compensation program financed by an excise tax on covered vaccines, 
setting up a passive surveillance system for vaccine adverse events, and 
providing information to consumers. 

Sections 312 and 313 of the legislation required the secretary of the 
U.S. Department of Health and Human Services to consult with the Institute 
of Medicine (IOM) to conduct a review of the scientific literature related 
to a set of serious adverse events! following immunizations recommended 
for use in children. Two reports were issued (IOM, 1991, 1994). These 
reports contain a framework for causality assessment of adverse events 
following vaccination. The reports embraced all vaccines covered by the 
National Vaccine Injury Compensation Program (VICP) up to that point: 
diphtheria- and tetanus-toxoids and whole cell pertussis (DTwP) vaccine? 
and other tetanus toxoid-containing vaccines; measles, mumps, and rubella 





1 Adverse events are distinguished from adverse effects in that an event is something that 
occurs but may not be causally associated, whereas an adverse effect implies causation. All 
adverse effects are adverse events, but not all adverse events are adverse effects. 

? Acellular pertussis vaccine (aP) has replaced whole cell pertussis vaccine in the United States. 
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(MMR) vaccines; Haemophilus influenzae type B vaccine; hepatitis B vac- 
cine; and both inactivated and oral polio vaccines? The reports informed 
the secretary's review of the Vaccine Injury Table. The reports have also 
been referenced extensively as a source of definitive scientific understanding 
of the evidence by Special Masters in decisions regarding injuries not listed 
on the Vaccine Injury Table. 

The IOM was subsequently asked to review specific vaccine safety 
concerns in a series of reports requested by the Centers for Disease Control 
and Prevention (CDC). These reports (IOM, 2001a,b, 2002a,b, 2003a,b, 
2004a,b) included causality assessments similar to the previous IOM re- 
ports, but included other conclusions and recommendations regarding re- 
search, communications, and policy review. 


CHARGE TO THE COMMITTEE 


In 2009 the IOM entered into a contract with the Health Resources 
and Services Administration (HRSA)^ to convene a committee of experts 
to review the epidemiologic, clinical, and biological evidence regarding ad- 
verse health events associated with specific vaccines covered by the VICP. 
The committee was composed of individuals with expertise in pediatrics, 
internal medicine, neurology, immunology, immunotoxicology, neurobiol- 
ogy, rheumatology, epidemiology, biostatistics, and law. 

The vaccines to be reviewed included varicella zoster vaccine; influ- 
enza vaccines;? hepatitis B vaccine; human papillomavirus vaccine (HPV); 
tetanus toxoid-containing vaccines other than those containing the whole 
cell pertussis component; measles, mumps, and rubella vaccines; hepatitis 
A vaccine; and meningococcal vaccines. It is expected that the report will 
provide the scientific basis for review and adjudication of claims of vaccine 
injury by the VICP. 

HRSA presented a list of specific adverse events for the committee 
to review (see Table S-1). The selection criteria was described at the first 
committee meeting (Johann-Liang, 2009) as including the vast majority of 
adverse events in the claims for compensation. The committee added ad- 
verse events to the list if it identified epidemiologic studies or case reports 
for an adverse event not originally assigned by HRSA. These additions were 
all-cause mortality and seizures following influenza vaccine; optic neuritis 





Vaccines are included in the VICP if they are recommended by the CDC for routine ad- 
ministration in children and are subject to an excise tax. Adults who experience an adverse 
reaction to one of these *childhood" vaccines are also covered by the program. 

^The CDC and the National Vaccine Program Office also provided funds for the project via 
the contract with HRSA. 

*The 2009 H1N1 influenza vaccine is covered by the Countermeasures Injury Compensation 
Program, and evidence about its safety is not covered in this report. 
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following MMR, influenza, hepatitis B, and DTaP vaccines; neuromyelitis 
optica and meningitis following MMR vaccine; erythema nodosum follow- 
ing hepatitis B vaccine; and stroke and small fiber neuropathy following 
varicella vaccine. 

It is important to note that the committee was not tasked with assess- 
ing the benefits (effectiveness) of vaccines or any policy issues related to 
vaccination. The committee’s task is focused only on an assessment of the 
risk of vaccines. 


ASSESSING THE WEIGHT OF EVIDENCE 


Two streams of evidence support the committee’s causality conclusions: 
epidemiologic evidence derived from studies of populations (most often 
based on observational designs but randomized trials when available), and 
mechanistic evidence derived primarily from biological and clinical studies 
in animals and individual humans (see Figure S-1). Some studies provide 
evidence capable of addressing both epidemiologic and mechanistic ques- 
tions. Drawing from both sources of evidence to support causal inference 
is well established in the literature. 

The committee made three assessments for each relationship reviewed. 
The first assessment applies to the weight of evidence from the epide- 
miologic literature; the second applies to the weight of evidence from the 
mechanistic literature. Each individual article (or findings within an article 
if more than one outcome or vaccine was studied) was evaluated for its 
strengths and weaknesses. The committee then synthesized the body of evi- 
dence of each type (epidemiologic or mechanistic) and assigned a “weight- 
of-evidence” for each. These weights-of-evidence represent the committee’s 
assessment of the quality and quantity of evidence. The two weight-of- 
evidence assessments contributed to the third assessment, a conclusion 
about the causal relationship. 


Weight of Epidemiologic Evidence 


Each peer-reviewed epidemiologic study was evaluated for its methodo- 
logic limitations (e.g., flawed measurement of either vaccine administration 
or adverse event, or failure to adequately control confounding variables) 
and for the precision of the reported results (e.g., the width of the 95% 
confidence interval around an effect estimate, reflecting the statistical power 
to detect a significantly increased risk of an adverse event). A specific study 
involving multiple outcomes or vaccines could have fewer limitations for 
the analysis of some vaccines or some outcomes than for others. Small clini- 
cal studies can be well conducted but the low number of subjects may limit 
the ability to detect most adverse events. Although most efficacy studies 
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include a safety component, the results are often nonspecific (e.g., “no seri- 
ous adverse events were detected”). The committee was rigorous in assess- 
ing the strengths and weaknesses of each epidemiologic study. Some studies 
reviewed are likely the most reasonably methodologically sound given the 
nature of the exposure and the outcomes, even if the studies have some 
residual limitation due to the challenges that often attend such research. 
Summary paragraphs describe the epidemiologic evidence (as well as the 
mechanistic evidence and in some circumstances the causality conclusion) 
more fully than can be captured with the formal and consistent wording of 
the assessments used in this report. 

The committee used a summary classification scheme that incorporates 
both the quality and quantity of the individual epidemiologic studies and 
the consistency of the group of studies in terms of direction of effect (i.e., 
whether the vaccine increases risk, decreases risk, or has no effect on risk). 
Integral to the assessment is the confidence the committee has that the 
true effect lies close to the average overall effect estimate for the body of 
evidence (i.e., collection of reports) reviewed (Schunemann et al., 2011). 

The four weight-of-evidence assessments for the epidemiologic evidence 
are 


e High: Two or more studies with negligible methodological limita- 
tions that are consistent in terms of the direction of the effect, and 
taken together provide high confidence. 

e Moderate: One study with negligible methodological limitations, or 
a collection of studies generally consistent in terms of the direction 
of the effect, that provides moderate confidence. 

e Limited: One study or a collection of studies lacking precision or 
consistency that provides limited, or low, confidence. 

e Insufficient: No epidemiologic studies of sufficient quality. 


Assessments of high and moderate include a direction of effect. These 
are to indicate increased risk of the adverse event, decreased risk of the 
adverse event, or no change in risk of the adverse event or “null.” Assess- 
ments of limited or insufficient include no direction of effect. 


Weight of Mechanistic Evidence 


The committee assessed the mechanisms by which the vaccine could 
cause a specific adverse event by identifying and evaluating clinical and 
biological evidence. First, the committee searched for evidence in the peer- 
reviewed literature that a vaccine was or may be a cause of an adverse 
event in one or more persons (from case reports or clinical studies) in a 
reasonable time period after the vaccination. Then the committee looked 
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for other information from the clinical and biological (human, animal, or in 
vitro studies) literature that would provide evidence of a pathophysiological 
process or mechanism that is reasonably likely to cause the adverse event 
or to occur in response to a specific immunization. Chapter 3 contains a 
discussion of the major mechanisms the committee invokes as possible ex- 
planations of how a given adverse event can occur after vaccination. 

The committee identified many case reports in the literature describing 
adverse events following vaccination. For the purposes of this report, case 
report refers to a description of an individual patient; one publication could 
describe multiple case reports. The committee evaluated each case report 
using a well-established set of criteria called attribution elements for case 
evaluation (Miller et al., 2000). At a minimum, for a case to factor into 
the weight-of-evidence assessment, it had to include specific mention of the 
vaccine administered, evidence of a clinician-diagnosed health outcome, 
and a specified and reasonable time interval (i.e., temporality or latency) 
between vaccination and symptoms. Case descriptions that did not have the 
three basic elements described above were not considered in the mechanistic 
weight-of-evidence assessments. These three criteria were only necessary 
but not sufficient to affect the weight of mechanistic evidence. After identi- 
fying cases with the three basic elements, the committee looked for evidence 
in the case descriptions and in other clinical or biological literature of a 
possible operative mechanism(s) that would support a judgment that the 
vaccination was related to the adverse event. See Chapter 3 for a description 
of possible mechanisms identified by the committee. 

An important attribute in the evaluation of the clinical evidence from 
case reports is rechallenge, an adverse event that occurred after more than 
one administration of a particular vaccine in the same individual. Each 
challenge in a patient, however, must meet the same attributes of reasonable 
latency, documentation of vaccination receipt, and clinician diagnosis of the 
health outcome. The value of any case report is much greater if the clinical 
workup eliminated well-accepted alternative explanations for the condition, 
thus increasing the possibility that the vaccine could be associated with the 
adverse event. A particularly strong piece of evidence in the case description 
is laboratory-confirmed isolation of a vaccine strain virus in the patient. 

The committee follows the convention of previous IOM committees in 
considering the effects of the natural infection as one type, albeit minor, of 
clinical or biological evidence in support of mechanisms. Other evidence, 





$The committee relied on standard textbooks of infectious disease or internal medicine for 
this evaluation; the committee did not review original research to come to this determination. 
This is consistent with previous IOM committees tasked with reviewing evidence of causality 
for vaccine safety. Evidence consisting only of parallels with the natural infections is never 
sufficient to merit a conclusion other than the evidence is inadequate to accept or reject a 
causal relationship. 
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described above, provided much stronger evidence in support of the mecha- 
nistic assessment. Evidence from animal studies is also informative if the 
model of the disease (adverse outcome) is well established as applicable to 
humans, or if the basic immunology of the vaccine reaction is well under- 
stood. In vitro studies can also be informative, but such data were eyed with 
skepticism regarding their relationship to the human experience. 

The committee developed categories for the mechanistic weight-of- 
evidence assessment. Each assessment includes consideration of the clinical 
information from case reports and consideration of clinical and experimen- 
tal evidence from other sources. The four weight-of-evidence assessments 
for the mechanistic evidence are 


e Strong: One or more cases in the literature, for which the commit- 
tee concludes the vaccine was a contributing cause of the adverse 
event, based on an overall assessment of attribution in the available 
cases and clinical, diagnostic, or experimental evidence consistent 
with relevant biological response to vaccine. 

e Intermediate: At least two cases, taken together, for which the 
committee concludes the vaccine may be a contributing cause of 
the adverse event, based on an overall assessment of attribution 
in the available cases and clinical, diagnostic, or experimental evi- 
dence consistent with relevant biological response to vaccine. On 
occasion, the committee reviewed evidence consisting of at least 
two cases that, taken together, while suggestive, are nonetheless 
insufficient to conclude that the vaccine may be a contributing 
cause of the adverse event. This evidence has been categorized as 
“low-intermediate.” 

e Weak: Insufficient evidence from cases in the literature for the com- 
mittee to conclude the vaccine may be a contributing cause of the 
adverse event, based on an overall assessment of attribution in the 
available cases and clinical, diagnostic, or experimental evidence 
consistent with relevant biological response to vaccine. 

e Lacking: No clinical, diagnostic, or experimental evidence consis- 
tent with relevant biological response to vaccine, regardless of the 
presence of individual cases in the literature. 


CAUSALITY ASSESSMENT 


The committee adopted the approach to causation developed by previ- 
ous IOM committees. Implicit in these categories is that “the absence of 
evidence is not evidence of absence.” That is, the committee began its as- 
sessment from the position of neutrality; until all evidence was reviewed, 
it presumed neither causation nor lack of causation. The committee then 
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moved from that position only when the combination of epidemiologic 
evidence and mechanistic evidence suggested a more definitive assessment 
regarding causation, either that vaccines might or might not pose an in- 
creased risk of an adverse effect. The categories of causation used by the 
committee are the following: 


° Evidence convincingly supports’ a causal relationship—This ap- 
plies to relationships in which the causal link is convincing, as with 
the oral polio vaccine and vaccine-associated paralytic polio. 

e Evidence favors acceptance of a causal relationship—Evidence is 
strong and generally suggestive, although not firm enough to be 
described as convincing or established. 

° Evidence is inadequate to accept or reject a causal relationship— 
The evidence is not reasonably convincing either in support of 
or against causality; evidence that is sparse, conflicting, of weak 
quality, or merely suggestive—whether toward or away from cau- 
sality—falls into this category. Where there is no evidence meeting 
the standards described above, the committee also uses this causal 
conclusion. 

e Evidence favors rejection of a causal relationship—The evidence 
is strong and generally convincing, and suggests there is no causal 
relationship. 


The category of “establishes or convincingly supports no causal rela- 
tionship” is not used because it is virtually impossible to prove the absence 
of a relationship with the same certainty that is possible in establishing the 
presence of one. Even in the presence of a convincing protective effect of 
a vaccine based on epidemiology, studies may not rule out the possibility 
that the reaction is caused by vaccine in a subset of individuals. Thus, the 
framework for this and previous IOM reports on vaccine safety is asym- 
metrical. The committee began not by assuming the causal relationship does 
not exist, but by requiring evidence to shift away from the neutral position 
that the evidence is “inadequate to accept or reject” a causal relationship. 

The committee established a general framework by which the two 
streams of evidence (epidemiologic and mechanistic) influence the final cau- 
sality conclusion (see Figure S-2). This framework needed to accommodate 
the reality that—for any given adverse event relationship reviewed—one or 
both of the types of evidence could be lacking, the two types of evidence 
could conflict, or neither type of evidence might definitively influence the 
causality conclusion. The framework does not accommodate any informa- 
tion regarding the benefit of the vaccine to either population or individual 





7Previous IOM committees used the term “establishes” instead of “convincingly supports.” 
Sly supp 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 
16 


'suorsn[ouoo Aipesneo oq poururrojop Jey} ə5uəptAə jo YISUEIS Z-S TAADIA 


"(Isti paseasaUl) ayelapoww Jo “(12ƏJJƏ OU 10 ysti paseadrap) YBIY "(su paseasoul) uBlugou sı 1uəuussəsse 3IBo|oltuəpidə ji /uo 12Íə1 10 yda>de 03 ajenbapeui si uorsn puo» fI[esne» y y 
`ələlpəuuəlul 10 Huosys Jou s! uauissasse »nstueupaui Ji quo 12Íə1 10 332? 0} ajenbapeur sı UOISNIUOI fqijesne» yx 
"ayeipauuajut 10 Bu01)s Jou si uauissasse »rjsiueupaui JI uo UOI s10^6) sI uorsnpuoo fI|esne) , 


s, Bunpe] 10 ea, 
^eyeipaurioju|-Mo] 
pəfəy 10 
dary 0} 
ajenbapeu 
x} UB/UJNSU 10 ‘payu 
“(ayə ou 10 shi poseaDap) 9] Jo POW 











exueidae»y 
510Ae4 











9jeipeur juepuyjnsu|| pay] | (»agaouso | Qisupaseapur) 
-1Ə)u| Ms pəseəpəp) | ajeJepow 


ayenbapeuj -M07 sye1opow 


NOISNTINOD ALITVSQ V) 1N3WSS3SSV 3I1SINVH33W 1N3WSS3SSV 5/50101W3GId3 




















Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


SUMMARY 17 


health. The focus of this particular committee is only on the question of 
what particular vaccines can cause particular adverse effects. 

The framework also had to accommodate known strengths and limi- 
tations of both types of evidence. Mechanistic evidence can only support 
causation, but epidemiologic evidence can support a causal association 
or can support the absence of (“rejection of”) a causal association in the 
general population. Mechanistic evidence, particularly that emerging from 
case reports, occasionally provides compelling evidence of an association 
between exposure to a vaccine and an adverse event in the individual be- 
ing studied, but it provides no meaningful information about the risk to 
the population. Epidemiologic analyses are usually unable to detect an in- 
creased or decreased risk that is small, unless the study population is very 
large or the between-group (e.g., vaccinated vs. unvaccinated) difference in 
risk is very high (e.g., smoking increases the risk of lung cancer by at least 
10-fold). Epidemiologic analyses also cannot identify with certainty which 
individual in a population at risk will develop the condition. 

The committee does not consider a single epidemiologic study—regard- 
less of how well it is designed, the size of the estimated effect, or the nar- 
rowness of the confidence interval—sufficient to merit a weight of *high" 
or, in the absence of strong or intermediate mechanistic evidence, sufficient 
evidence to support a causality conclusion other than *inadequate to ac- 
cept or reject a causal relationship." This requirement might seem overly 
rigorous to some readers. However, the Agency for Healthcare Research 
and Quality advises the Evidence-based Practice Centers that it has funded 
to produce evidence reports on important issues in health care to view an 
evidence base of a single study with caution (Owens et al., 2010). It does so 
due to the inability to judge consistency of results, an important contribu- 
tor to a strength of evidence, because one cannot “be certain that a single 
trial, no matter how large or well designed, presents the definitive picture of 
any particular clinical benefit or harm for a given treatment" (Owens et al., 
2010). It is acknowledged by the committee and others (Owens et al., 2010) 
that policy makers must often make decisions based on only one study. 
However, the committee is not recommending policy, rather evaluating the 
evidence using a transparent and justifiable framework. 


CAUSALITY CONCLUSIONS 


Convincingly Supports 


The framework allows for a causality conclusion of *convincingly sup- 
ports" based on an epidemiologic weight-of-evidence assessment of high in 
the direction of increased risk (which requires at least two well-conducted 
epidemiologic studies). Strong mechanistic evidence, which requires at least 
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one case report in which compelling evidence exists that the vaccine indeed 
did cause the adverse event, always carries sufficient weight for the com- 
mittee to conclude the evidence convincingly supports a causal relationship. 
The committee considered the detection of laboratory-confirmed, vaccine- 
strain virus compelling evidence to attribute the disease to the vaccine-strain 
virus and not other etiologies. This conclusion can be reached even if the 
epidemiologic evidence is rated high in the direction of no increased risk 
or even decreased risk. 

The simplest explanation in this circumstance is that the adverse effect 
is real but also very rare. Stating this another way, if the vaccine did cause 
the adverse effect in one person, then it can cause the adverse effect in 
someone else; however, the isolated report of one convincing case provides 
no information about the risk of the adverse effect in the total population 
of vaccinated individuals compared with unvaccinated individuals. 

The committee concluded the evidence convincingly supports 14 spe- 
cific vaccine-adverse event relationships. In all but one of these relation- 
ships, the conclusion was based on strong mechanistic evidence with the 
epidemiologic evidence rated as either limited confidence or insufficient. 
The convincing evidence regarding varicella vaccine and disseminated Oka 
varicella zoster virus (VZV) and Oka VZV viral reactivation depended on 
identification of vaccine-strain virus as documented by polymerase chain 
reaction, as was the evidence regarding MMR vaccine and measles inclu- 
sion body encephalitis. Epidemiologic evidence, as well as mechanistic 
evidence, convincingly supported the causal relationship between MMR 
vaccine and febrile seizures. Clinical evidence from case reports and a well- 
identified mechanism of hypersensitivity reactions convincingly supported 
the conclusions regarding anaphylaxis and six vaccines (MMR, varicella, 
influenza, hepatitis B, meningococcal, and tetanus toxoid vaccine). Mecha- 
nistic evidence provided the convincing support for the conclusion that 
injection of vaccine, independent of the antigen involved, can lead to two 
adverse events: syncope and deltoid bursitis (see Table S-2). 


Favors Acceptance 


A conclusion of “favors acceptance of a causal relationship” must be 
supported by either epidemiologic evidence of moderate certainty of an 
increased risk or by mechanistic evidence of intermediate weight. The com- 
mittee concluded the evidence favors acceptance of four specific vaccine- 
adverse event relationships. These include HPV vaccine and anaphylaxis, 
MMR vaccine and transient arthralgia in female adults, MMR vaccine and 
transient arthralgia in children, and certain trivalent influenza vaccines used 
in Canada and a mild and temporary oculorespiratory syndrome. The con- 
clusion regarding anaphylaxis was supported by only mechanistic evidence. 
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The other conclusions were supported by both epidemiologic evidence and 
by mechanistic evidence (see Table S-2). 


Favors Rejection 


The framework allows the committee to “favor rejection” of a causal 
relationship only in the face of epidemiologic evidence rated as high or 
moderate in the direction of no effect (the null) or of decreased risk and 
in the absence of strong or intermediate mechanistic evidence in support 
of a causal relationship. The committee concluded the evidence favors 
rejection of five vaccine-adverse event relationships. These include MMR 
vaccine and type 1 diabetes, diphtheria, tetanus, and pertussis (DTaP) vac- 
cine and type 1 diabetes, MMR vaccine and autism, inactivated influenza 
vaccine and asthma exacerbation or reactive airway disease episodes, and 
inactivated influenza vaccine and Bell’s palsy. The evidence base for these 
conclusions consisted of epidemiologic studies reporting no increased risk; 
this evidence was not countered by mechanistic evidence (see Table S-2). 


Inadequate to Accept or Reject 


The committee identified two main pathways by which it concludes 
that the evidence is *inadequate to accept or reject" a causal relationship. 
The most common pathway to this conclusion occurs when the epidemio- 
logic evidence was of limited certainty or insufficient and the mechanistic 
evidence was weak or lacking. Another pathway occurs when the epidemio- 
logic evidence is of moderate certainty of no effect but the mechanistic evi- 
dence is intermediate in support of an association. The committee analyzed 
these sets of apparently contradictory evidence and ultimately depended 
upon their expert judgment in deciding if a conclusion to favor acceptance 
based on the intermediate mechanistic data was warranted, or if the con- 
clusion remained as *inadequate to accept or reject" a causal relationship. 

The vast majority of causality conclusions in the report are that the 
evidence was inadequate to accept or reject a causal relationship. Some 
might interpret that to mean either of the following statements: 


e Because the committee did not find convincing evidence that the 
vaccine does cause the adverse event, the vaccine is safe. 

° Because the committee did not find convincing evidence that the 
vaccine does not cause the adverse event, the vaccine is unsafe. 


Neither of these interpretations is correct. “Inadequate to accept or 


reject” means just that—inadequate. If there is evidence in either direction 
that is suggestive but not sufficiently strong about the causal relationship, it 
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will be reflected in the weight-of-evidence assessments of the epidemiologic 
or the mechanistic data. However suggestive those assessments might be, 
in the end the committee concluded that the evidence was inadequate to 
accept or reject a causal association. 

A list of all conclusions, including the weights of evidence for both 
the epidemiologic evidence and the mechanistic evidence, can be found in 
Appendix D. 


SUSCEPTIBILITY 


The literature supporting several of the causality conclusions discussed 
in the previous section indicates that individuals with certain characteristics 
are more likely to suffer adverse effects from particular immunizations. 
Individuals with an acquired or genetic immunodeficiency are clearly recog- 
nized as at increased risk for specific adverse reactions to live viral vaccines 
such as MMR and varicella vaccine. Age is also a risk factor; seizures after 
immunization, for example, are more likely to occur in young children. 
Thus, the committee was able at times to reach more limited conclusions 
that did not generalize to the entire population. 


CONCLUDING COMMENT 


Committee members spent an enormous amount of time reading thou- 
sands of articles. The committee makes 158 causality conclusions in this 
report. It tried to apply consistent standards when reviewing individual 
articles and when assessing the bodies of evidence. Some of the conclusions 
were easy to reach; the evidence was clear and consistent or, in the extreme, 
completely absent. Some conclusions required substantial discussion and 
debate. Inevitably, there are elements of expert clinical and scientific judg- 
ment involved. 

The committee used the best evidence available at the time. The com- 
mittee hopes that the report is sufficiently transparent such that when new 
information emerges from either the clinic or the laboratory, others will be 
able to assess the importance of that new information within the approach 
and set of conclusions presented in this report. 
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Introduction 


Protecting health is a major priority of society, families, and individual 
parents. Over the past 100 years there has been a revolution in the ability 
to protect health in the developed world, where there are resources to en- 
able this to happen. In 1900, among every 1,000 babies born in the United 
States, 100 would die before their first birthday, and five before 5 years of 
age (Guyer et al., 2000). By 2007, fewer than seven were expected to die 
before their first birthday, and only 0.29 per 1,000 before 5 years of age 
(HHS, 2010). Diseases severe enough to kill children and adults can also 
leave survivors disabled in some way, and as mortality has fallen, so has 
the chance of severe disability from these diseases. 

Among the dangers for children and adults that have greatly diminished 
over the past century are infectious diseases. For bacterial diseases, antibi- 
otics have been developed to treat infections before permanent harm can 
occur. For many viral and bacterial diseases, vaccines now exist. 

In the early 20th century, smallpox (which has 30 percent mortality 
and a very high rate of disfigurement and other less common sequelae 
including blindness and encephalopathy) and rabies (virtually 100 percent 
fatal) could be prevented with immunization (CDC, 2001, 2008). With the 
fast growing understanding of microbes and immunity from 1920 onward, 
the development of immunizations became a race to “conquer” infectious 
disease. Beginning with the combination diphtheria, pertussis, and tetanus 
immunization during World War II and most recently with immunization to 
prevent cervical cancer (the human papillomavirus vaccine), immunizations 
have changed our expectations for child and adult health. Infections are less 
of a terror, and children are expected to survive to adulthood. 
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Vaccines function by stimulating the immune system and prompt- 
ing a primary immune response to an infecting pathogen or to molecules 
derived from a particular pathogen. The immune response elicited by this 
primary exposure to vaccine pathogen creates immunological memory, 
which involves the generation of a pool of immune cells that will recognize 
the pathogen and mount a more robust or secondary response upon subse- 
quent exposure to the virus or bacterium. In successful immunization, the 
secondary immune response is sufficient to prevent disease in the infected 
individual, as well as prevent the transmission of the pathogen to others. 
For communicable diseases, immunizations protect not only the individual 
who receives the immunization, but also others with whom he or she has 
contact. High levels of vaccination in a community increase the number 
of people who are less susceptible or resistant to illness and propagation 
of the infectious agent. Unvaccinated individuals or those who have not 
developed immunity to this pathogen are afforded an indirect measure of 
protection because those with immunity reduce the spread of the pathogen 
throughout the entire population. The larger the proportion of people with 
immunity, the greater the protection of those without immunity. This effect 
is called “herd immunity.” Herd immunity is an important phenomenon 
as immunization programs rarely achieve 100 percent immunization in 
a population; and in some cases, previously vaccinated persons may not 
exhibit effective immunity and disease may result from exposure to the 
pathogen. For protection, immunization of not only ourselves but also our 
neighbors is important. 

The overwhelming safety and effectiveness of vaccines in current use in 
preventing serious disease has allowed them to gain their preeminent role 
in the routine protection of health. Before an immunization is introduced 
for population-wide use, it is tested for efficacy and safety. However, im- 
munization is not without risks. For example, it is well established that 
the oral polio vaccine on rare occasion causes paralytic polio and that 
vaccines sometimes lead to anaphylactic shock. Given the widespread use 
of vaccines; state mandates requiring vaccination of children for entry into 
school, college, or day care; and the importance of ensuring that trust in im- 
munization programs is justified, it is essential that safety concerns receive 
assiduous attention. 

Congress passed the National Childhood Vaccine Injury Act (NCVIA, 
P.L. 99-660) in 1986. The legislation was intended to bolster vaccine re- 
search and development through federal coordination of the vaccine ef- 
forts in government and by providing relief to vaccine manufacturers who 
reported at the time that financial burdens from awards in the tort system 
threatened their financial viability. The legislation was also intended to ad- 
dress concerns about the safety of vaccines by instituting a compensation 
program financed by an excise tax on covered vaccines, setting up a passive 
surveillance system for vaccine adverse events, and by providing informa- 
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tion to consumers (CDC, 2010). Key provisions of the 1986 legislation 


include 


The establishment of the National Vaccine Program Office, which 
coordinates immunization-related activities between all Depart- 
ment of Health and Human Services (HHS) agencies including the 
Centers for Disease Control and Prevention (CDC), the Food and 
Drug Administration, the National Institutes of Health, and the 
Health Resources and Services Administration (HRSA). 
The requirement that all health care providers who administer 
vaccines provide a vaccine information statement (VIS) to the vac- 
cine recipient, or his or her parent or legal guardian, prior to each 
dose. Each VIS contains a brief description of the disease as well 
as the risks and benefits of the vaccine. The CDC develops VISs 
and distributes them to state and local health departments as well 
as individual providers. 

The requirement that health care providers must report certain 

and are encouraged to report other adverse events (health effects 

occurring after immunization that may or may not be related to 
the vaccine) following vaccination to the Vaccine Adverse Event 

Reporting System. 

The creation of the National Vaccine Injury Compensation Pro- 

gram (VICP) to compensate those injured by vaccines on a no-fault 

basis. Importantly, this compensation system has two parts: 

o The Secretary of Health and Human Services has created a 
Vaccine Injury Table (Table) that *lists and explains injuries/ 
conditions that are presumed to be caused by vaccines. It also 
lists time periods in which the first symptom of these injuries/ 
conditions must occur after receiving the vaccine. If the first 
symptom of these injuries/conditions occurs within the listed 
time periods, it is presumed that the vaccine was the cause of 
the injury or condition unless another cause is found" (http:// 
www.hrsa.gov/vaccinecompensation/table.htm) and compensa- 
tion is awarded. 

o Individuals who assert that they suffered an injury from a 
vaccine that is not on the Table (*off-Table" or *causation-in- 
fact") must pursue their claim before Special Masters, who are 
appointed by the United States Court of Federal Claims, which 
hears any appeals. Claimants bear the burden of proving that 
the vaccine caused their injury, although the burden of proof 
is lower than that in the tort system. 


A key component of the legislation, found in Sections 312 and 313, 
required the HHS secretary to consult with the Institute of Medicine (IOM) 
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to review the scientific literature on vaccine safety. Two reports were issued 
(IOM, 1991, 1994). These reports contain a framework for causality as- 
sessment of vaccine adverse events.! The reports addressed the vaccines 
covered by the VICP up to that point: diphtheria and tetanus toxoids and 
whole cell pertussis vaccine and other tetanus toxoid-containing vaccines; 
measles, mumps, and rubella (MMR) vaccines; Haemophilus influenzae type 
B vaccine; hepatitis B vaccine; and both inactivated and oral polio vaccines.” 
The reports informed the secretary’s review of the Vaccine Injury Table. The 
reports have also been referenced extensively as a source of definitive scien- 
tific understanding of the evidence by Special Masters in decisions regarding 
injuries not listed on the Vaccine Injury Table. 

The IOM was subsequently asked to review specific vaccine safety 
concerns in a series of reports requested by the CDC. These reports (IOM, 
2001a,b, 2002a,b, 2003a,b, 2004a,b) included causality assessments simi- 
lar to the previous IOM reports, but included other conclusions and recom- 
mendations regarding research, communications, and policy review. 


CHARGE TO THE COMMITTEE 


In 2009 HRSA requested that the IOM convene a committee of experts 
to review the epidemiological, clinical, and biological evidence regarding 
adverse health events associated with specific vaccines covered by the VICP. 
The committee was charged with developing a consensus report with con- 
clusions on the evidence bearing on causality and the evidence regarding 
the biological mechanisms that underlie specific theories for how a specific 
vaccine is related to a specific adverse event. The vaccines to be reviewed 
include varicella zoster vaccine, influenza vaccines (but not 2009 H1N1 
vaccine), hepatitis B vaccine, human papillomavirus vaccine, tetanus-con- 
taining vaccines other than those containing the whole cell pertussis com- 
ponent, MMR vaccine, hepatitis À vaccine, and meningococcal vaccines. It 
is expected that the report will provide the scientific basis for review and 
adjudication of claims of vaccine injury by the VICP. 

HRSA presented a list of specific adverse events for the committee to 
review (see Table 1-1). The selection criteria were described at the first 
committee meeting (Johann-Liang, 2009) as including the vast majority of 
adverse events in the claims for compensation. The committee added ad- 
verse events to the list if it identified epidemiologic studies or case reports 





! Adverse events are distinguished from adverse effects in that an event is something that 
occurs but may not be causally associated, whereas an adverse “effect” implies causation. All 
adverse effects are adverse events, but not all adverse events are adverse effects. 

? Vaccines are included in the VICP if they are recommended by the CDC for routine admin- 
istration in children and are subject to an excise tax. Adults who experience an adverse reac- 
tion to one of these *childhood" vaccines are also covered by the program. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


4 
e 


panuiuo» 


sursedç o[pueju 
K&uyiedo[eudo»uq 
suieudo»uq 


sumeudoo»uq 
Apog uorsn[oug so[Seo]At 


sui[eudoouq 

10 sniSuruoJA ur Sunnsow 
uonoəju] 1uanbosqng 
YUM uoneAnoeo 

JENA UIEJ3g 9UI22EA 


JUIWIDATOAUT ULSI 
JIYIO OYA uOHPAHOE2W 
JEHA UIS 9UI22€A 


snyedəH 10 *surSuruoJAq 
*eruoumnouq ur Sunnsow 
uonoejuj 3uanbosqng ym 
AZAR OP LUCUS SS GT 


juouroA[OAU] 
ues1Q) 19U1O NoyUM 
AZA PO PEU SSI 





ZI 191deuo 
sjuoAq 
Papy 
-paraluy 


IL d93deuO op doideyn 6 soideyn  g 133deq) Z adeyyo gaaideyy ç deyo 
IUDA 


PTPOOTIeA, 


IUDA SOUIDIEA, 
[£»»o»oSuruojN — Surure3uo?) 
—qe pue 

LE IG 


JUAJ os19Apy 





SIde IUL IY} ur popn[»u] sJu3Aq ƏS33ApV I-I W'ISV.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


32 


əurojpuÁçs 





e e snuo[»oAJA snuo[»osd() 

Ayjedosnaudjog 

poveururassiq 

e e e e e e e K1ojeulute[ju ruo 

e o e e e e e e ouro1puÁg o11eg-urejm 2») 

e quaagq SunvuipoAulo(T ISIA 

e e e o e e o srso1o[os AdU 

e e e O gondo suimoAuronaN 

O O © O snunaN ondQ 

e e e e e e e e SIA] os12Asued], 

sui[oAuro[eqdoou 

e e e e e e e e poieurumssi any 

e e tusuny 

e e eIXUlV 

e RIXEIY 1e||9q319O 

e © suiguruoJA 

e e O o e SƏINZTƏŞ 

ZI deyo II dq93ideuO OI d93ideuO 6 daidey) 8 33deq sasoideyy 9ə3deyo ç ydeyo — p 1931deu JUAJ ƏSISAp V 
sug IUDDLA SƏUIDDLA 9UIDOPA MDEA J MWA V IUTA 9UI22PA IUDA 
poaæpy yessooosurusyy “sSururejuooO AdH sanedoyy snuedoy  ezuonpgu[ —vej[ooneA AWN 

-pə1oəfur -qe pue 
LL =l 





penunuo) I-I TIdV.L 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


e 
Cy 


panuiuo» 


O e 


(snury pue veiS[erqnry) 
K&qedodquy 


snum 
»rgiedorpg o[ruoAn ( 


SPAN [MOMENTS 
suuuy oAnoeow 
suuuy oneuosq 

PSOPON SHiLT9318A[Oq 
Sui[noseA. 


snojeurouiÁrq 
sndnq orumo1sÁg 


UmnsopoN| euoyi rg 
eursy 

Ssau»rg umaəç 
eLIE2HJ() Nuo 
sixe|Audveuy 
AypedoməN qd [[eurs 


SISOI9[IG 
Jetaiey s1ydonodury 


SuLməN [erqoedq 


Ás[eq STIod 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 





e ouro1puÁS Á1o3erdso1o[n5() 

O Ky[0240]A 9sneO-|V 

e sso'] SULIH 

əuroipuáçs 

e esq mezur uəppns 

@ e° e° @ pIƏ|eAuro:qtd 

e səuoepeəH Nuo 

@ awoipudss anne, uoo 

e uornozejug [erpre2oATA 

e sə1e3çs o[|qe[ngeoo1odÁHq 

e O JONS 

e sug oioquieoquiodq L 

e e sunedəH 

@ sieoioueg 

e Surpre»oAJA 

e (Sunurumogn y) sunedər] 

e e e sajoqetq 1 ədÁL 

ZI deyo II dq93ideuO OI d9ideuO 6 4e1deu 8J9deuO sasaideyy 939deuO ç 423deuO — p 1931deu JUAJ ƏSISAp V 
SJuəAq ƏuI3FA SƏUIDDLA ƏUDLA  9UIDOVA J IA V IUDA IUDA IUDDLA 
peppy yesoooosurusyy Zumweyuop AdH sunedog  snunnuedopp ezuonguy —vj[ooneA UAW 

-paraluy —d pue 
LL “Sd 





34 


penunuo) I-I TIdV.L 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


35 


"38311ururo» JY} áq AST] 211 0} poppe ITIM O» áq pa3e»rpur sJu9A9 ISTOAPY *Y LON 





adoouds 
siising ployed 


əuroipuÁç 
ureq [euoIsay xə|duroo 


ending 
stusdoyAd0quiosy J, Əunuttu] 


e vruadoiÁ»oquiodq L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


36 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


for an adverse event not originally assigned by HRSA. These additions were 
all-cause mortality and seizures following influenza vaccine; optic neuritis 
following MMR, influenza, hepatitis B, and diphtheria, tetanus, and pertus- 
sis (DTaP) vaccines; neuromyelitis optica and meningitis following MMR 
vaccine; erythema nodosum following hepatitis B vaccine; and stroke and 
small fiber neuropathy following varicella vaccine. 

The committee was also tasked with addressing, as time and evidence 
allowed, general considerations. These included: underlying (susceptible) 
populations, “immune dysfunction,” vaccine administration issues, appro- 
priate time intervals for anaphylaxis and autoimmune diseases, and sequen- 
tial vaccination issues. The committee addressed some of these, as described 
in Chapters 4-12. It is important to note that the committee was not tasked 
with assessing the benefits (effectiveness) of vaccines or any policy issues 
related to vaccination. The task is clearly focused on an assessment only of 
the risk of vaccines. 


COMMITTEE PROCESS 


The committee was composed of individuals with expertise in pediat- 
rics, internal medicine, neurology, immunology, immunotoxicology, neu- 
robiology, rheumatology, epidemiology, biostatistics, and law. Appendix F 
includes biographical sketches of the committee members. The committee 
met eight times between April 2009 and March 2011. The committee held 
open sessions at three of these meetings. Appendix G includes agendas of 
these open meetings. The committee’s methodology and approach to their 
task is described in Chapter 2. 


OUTLINE OF THE REPORT 


Chapter 2 details the committee’s methodology. Chapter 3 discusses 
generally possible mechanisms of vaccine injury. Chapters 4-11 present the 
evidence reviewed by the committee for each of the eight vaccines covered 
and the conclusions it reaches. Chapter 12 presents causality assessments 
for adverse events that can occur with any injected vaccine regardless of 
the vaccine antigen and components. The committee discusses some special 
considerations of its work in Chapter 13. 
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Approach 


Charged with assessing the epidemiologic, clinical, and biological ev- 
idence regarding the causal relationship between specific vaccines and 
specific adverse events, the committee drew upon previous reports by com- 
mittees of the Institute of Medicine (IOM, 1991, 1994, 2001a,b, 2002a,b, 
2003a,b, 2004a,b), other vaccine safety researchers (Halsey, 2002; Loke 
et al., 2008; WHO, 2001), general epidemiologic principles (Hill, 1965), 
and other systematic reviews in clinical medicine and public health (Liberati 
et al., 2009; Owens et al., 2010; Schunemann et al., 2011; Stroup et al., 
2000; USPSTE, 2008). The committee adopted, with one exception,! the 
wording for the categories of causal conclusions used by the Institute of 
Medicine (IOM) committees in the past. The categories used previously 
were considered appropriate and the benefits of consistency were deemed 
compelling enough to extend the categories to this report. 

Two streams of evidence from the peer-reviewed literature support the 
committee's causality conclusions: (1) epidemiologic evidence derived from 
studies of populations (most often based on observational designs but ran- 
domized trials when available), and (2) clinical and biological (mechanistic) 
evidence derived primarily from studies in animals and individual humans 
or small groups. Some studies provide evidence relevant to both epidemio- 
logic and mechanistic questions. Drawing from both lines of evidence to 
support causal inference is well established in the literature. When con- 
fronted with epidemiologic and mechanistic evidence suggesting—however 





1 As described in a subsequent section, previous IOM committees described the strongest evi- 
dence as establishing a causal relationship; this committee uses the term convincingly supports. 
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strongly or however weakly—that a vaccine is associated with an adverse 
event, one asks, “Does this make sense given what is known and generally 
accepted about the biological response to the natural infection, to the vac- 
cine, and what is known about the pathophysiology of the adverse health 
outcome?” 


LITERATURE SEARCHING 


As described in Chapter 1, the committee was tasked to assess the rela- 
tionship between a specific adverse health outcome and a specific vaccine. 
A professional medical librarian conducted three waves of comprehensive 
literature searches of the published, peer-reviewed biomedical literature 
using MEDLINE (1950-present); EMBASE (1980-present); BIOSIS (1969— 
2005); Web of Science, consisting of the Science Citation Index (1900-pres- 
ent) and the Social Science Citation Index (1956—present); and search terms 
specific to each vaccine-adverse event relationship under study. Appendix 
C contains the search strategies used. The first wave of searches included 
the earliest date of the database to the date of the first search. Follow-up 
searches were conducted in August 2010 and late December 2010 to ensure 
that articles published after the initial search were not missed. On occasion, 
specialized searches were conducted to supplement the general searches. 
Also, review of the reference list of an article sometimes revealed studies 
not captured by the general search. These studies were retrieved. 

Titles and abstracts, where available, were reviewed to screen out 
articles that did not address one of the potential vaccine adverse events 
to be reviewed or that were not primary research articles. See Figure 2-1. 
For example, the committee did not assess review articles. The committee 
restricted its review to those vaccines used in the United States, even if the 
study was conducted outside of the United States, with a few exceptions 
that will be discussed in the vaccine-specific chapters that follow. Articles 
were retrieved and reviewed again for relevance to the committee charge. 
Articles written in languages other than English were translated using 
Google Translate or a professional translation service. The committee did 
not include in its reviews data presented only in abstract form or in oth- 
erwise unpublished formats, with one exception described in Chapter 9, 
*Human Papillomavirus Vaccine." An individual report from the Vaccine 
Adverse Event Reporting System was reviewed only if it had been described 
in a peer-reviewed research study and the committee wanted additional in- 
formation. Decisions from the Vaccine Injury Compensation Program were 
not reviewed, because they are not published in the peer-reviewed medical 
literature. The committee did not review the conclusions contained in ear- 
lier IOM reports. The committee reviewed the data and made conclusions 
independently. 
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The committee’s bibliographic retrieval was posted on the project web- 
site with a request for public comment regarding missing articles.* The 
committee received one submission, which was reviewed. The bibliography 
was separated into two sections. Section I contained those articles on which 
the committee focused its initial review. Section II contained those citations 
for articles that did not meet the committee’s criteria (i.e., original research, 
vaccine used in the United States, adverse event within the committee's 
scope, animal or in vitro studies of relevance). 


WEIGHT OF EVIDENCE 


The committee made three assessments for each relationship reviewed. 
The first assessment applies to the weight of evidence from the epide- 
miologic literature; the second applies to the weight of evidence from the 
biological and clinical (mechanistic) literature. The third assessment is 
the committee's conclusion about causality. In assessing the weights of 
evidence, each individual article (or findings within an article if more than 
one outcome or vaccine was studied) was evaluated for its strengths and 
weaknesses. The committee then synthesized the body of evidence of each 
type (epidemiologic or mechanistic) and assigned a *weight of evidence" 
for each. These weights of evidence are meant to summarize the assessment 
of the quality and quantity of evidence. The committee then reviewed the 
two weight-of-evidence assessments in order to make a conclusion about 
the causal relationship. The committee's approach to each of these three 
assessments will be discussed in the following sections. 


Epidemiologic Evidence 


Experimental studies (trials) are generally considered more rigorous 
than observational studies; controlled studies are generally considered more 
rigorous than uncontrolled studies. A brief description of major study 
designs and methodological considerations can be found in Appendix A. 
Surveillance studies were reviewed, but the absence of a control group lim- 
ited their contribution to the weight of epidemiologic evidence; studies that 
included individual case descriptions were reviewed for their contribution 
to the evaluation of mechanistic evidence (discussed in subsequent sections). 
Small clinical studies that were not controlled for vaccine administration 
were generally reviewed for contributions to the mechanistic weight of 
evidence. 





See http://www.iom.edu/~/media/Files/Bibliography.pdf. 
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Evaluation of Individual Studies 


Each epidemiologic study was evaluated for its methodological limita- 
tions (e.g., flawed measurement of either vaccine administration or adverse 
event, failure to adequately control confounding variables, incomplete or 
inadequate follow-up, failure to develop and apply appropriate eligibility 
criteria) and for the precision of the reported results (e.g., the width of the 
95% confidence interval around an effect estimate, which also reflects the 
statistical power to detect a significantly increased risk of an adverse event). 
Studies that were deemed to be very seriously flawed did not contribute to 
the weight of evidence; they are identified in the text for completeness but 
are not discussed in depth. 

It is important to note that a specific study could be well designed and 
well conducted but also have very serious limitations for the purposes of 
this committee’s analysis. A specific study could have fewer limitations for 
some vaccines or some outcomes than for others. Small clinical studies can 
be well conducted but the number of subjects may be too small to detect 
most adverse events. Although most efficacy studies include a safety com- 
ponent, the results are often nonspecific (e.g., “no serious adverse events 
were detected”). Even some larger safety studies failed to detect an adverse 
event. Studies in which no cases of a specific adverse event were identified 
are uninformative for this review, because if the vaccinated cohort does not 
include enough cases to approximate background rates, the study is under- 
powered to inform an assessment. The upper limit of the 95% confidence 
interval will always overlap with the background rate unless the vaccine is 
protective. Some might use that information as means to approximate an 
upper limit on risk, but the committee did not see that as its charge (see 
Chapter 13). Studies such as these were considered to have very serious 
limitations for the purpose of the committee’s assessment. 

The committee was rigorous in assessing the strengths and weaknesses 
of each epidemiologic study. For many of the conditions and adverse events 
considered by the committee, the expected incidence and prevalence rates 
in the general unvaccinated population as well as in unvaccinated but po- 
tentially susceptible subgroups may be very low. Assembling a valid stan- 
dard for comparison (e.g., an unvaccinated cohort of similar demographic 
composition and followed over a similar time period of risk, or a control 
group free of the adverse event but otherwise sufficiently similar to cases 
diagnosed with the adverse event) and objectively verifying the timing and 
type of vaccination and the details surrounding the onset and diagnosis 
of the adverse event are complex if not prohibitively expensive research 
endeavors. Although randomized clinical trials aiming to study vaccine 
efficacy may provide the most valid, controlled circumstances in which to 
also study vaccine safety, such trials inevitably enroll too few study par- 
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ticipants to be able to detect anything but extreme increases in the risks 
of relatively rare adverse events of potential concern. Some studies, as will 
be documented in chapters that follow, reviewed are likely the most meth- 
odologically sound that can be done given the nature of the exposure and 
the outcomes, even if the studies have some residual limitation due to the 
challenges that often attend such research. The reader will see in the sum- 
mary paragraphs for the epidemiologic studies and, in some circumstances, 
the causality conclusion the committee’s interpretation of the evidence more 
fully than can be captured with the formal and consistent wording of the 
conclusions used in this report. 


Evaluation of the Body of Studies 


The committee reviewed methodological approaches of other system- 
atic review efforts, but it was unable to identify one approach that incor- 
porated all of the committee’s needs and could be adopted for immediate 
use. Cochrane reviews, for example, focus on randomized controlled trials, 
which is an uncommon design in vaccine safety studies. Other efforts 
focused on evidence for or against a clinical practice or intervention (Guyatt 
et al., 2008; USPSTE, 2008). 

Consequently, the committee adopted key components of these other 
approaches to develop a summary classification scheme that incorporates 
both the quality and quantity of the individual studies and the consistency 
of the group of studies in terms of direction of effect (i.e., is the effect of 
the vaccine to increase risk, decrease risk, or have no effect on risk). A key 
concept to these classifications is confidence, which refers to the confidence 
the committee has that the true effect lies close to that of the estimate of the 
average overall effect for the body of evidence (i.e., collection of reports) 
reviewed (Schunemann et al., 2011), and integrates committee evaluation 
of validity, precision, and consistency. Validity refers to the absence of 
confounding, selection bias and information or measurement bias (i.e., 
internal validity), and the generalizability (external validity) of the findings 
(Rothman et al., 2008b). Precision refers to the width of the confidence 
interval (e.g., a 9596 confidence interval) around an effect estimate, which 
reflects the sample size of the study as well as the variability of the outcome 
measurement (Rothman et al., 20082). The wider the 95% confidence inter- 
vals, the less statistical power to detect a difference as significant. 

The four weight-of-evidence assessments for the epidemiologic litera- 
ture are as follows: 


e High: Two or more studies with negligible methodological limita- 


tions that are consistent in terms of the direction of the effect and 
taken together provide high confidence. 
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e Moderate: One study with negligible methodological limitations, or 
a collection of studies generally consistent in terms of the direction 
of the effect, provides moderate confidence. 

e Limited: One study or a collection of studies lacking precision or 
consistency provides limited, or low, confidence. 

e Insufficient: No epidemiologic studies of sufficient quality found. 


Assessments of high and moderate include a direction of effect. These 
are to indicate increased risk of the adverse event, decreased risk of the 
adverse event, or no change (“null”) in the risk of the adverse event. As- 
sessments of limited or insufficient include no direction of effect. 

The committee does not consider a single study—regardless of how 
well it is designed, the size of the estimated effect, or the narrowness of 
the confidence interval—sufficient to merit a weight of “high” or, in the 
absence of strong or intermediate mechanistic evidence, sufficient to sup- 
port a causality conclusion other than “inadequate to accept or reject a 
causal relationship.” This requirement might seem overly rigorous to some 
readers. However, the Agency for Healthcare Research and Quality advises 
the Evidence-based Practice Centers that it has funded to produce evidence 
reports on important issues in health care to view an evidence base of a 
single study with caution (Owens et al., 2010). It does so due to the inabil- 
ity to judge consistency of results, an important contributor to a strength 
of evidence, because one cannot “be certain that a single trial, no matter 
how large or well designed, presents the definitive picture of any particular 
clinical benefit or harm for a given treatment” (Owens et al., 2010). It is 
acknowledged by the committee and others (Owens et al., 2010) that policy 
makers must often make decisions based on only one study. However, the 
committee is not recommending policy, rather evaluating the evidence using 
a transparent and justifiable framework. 


Mechanistic Evidence 


The committee assessed the mechanisms of vaccine adverse events by 
identifying and evaluating clinical and biological evidence. First, the com- 
mittee looked for evidence in the peer-reviewed literature that a vaccine was 
or may be a cause of an adverse event in one or more persons (from case 
reports or clinical studies) in a reasonable time period after the vaccination. 
Then the committee looked for other information from the clinical and 
biological (human, animal, or in vitro studies) literature that would provide 
evidence of a pathophysiological process or mechanism that is reasonably 
likely to cause the adverse event or to occur in response to specific im- 
munization. Chapter 3 contains a discussion of the major mechanisms the 
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committee invokes as possible explanations of how a given adverse event 
can occur after vaccination. 

The committee identified many case reports in the literature describ- 
ing adverse events following vaccination. For the purposes of this report, 
case report refers to a description of an individual patient; one publication 
could describe multiple case reports. The cases considered by the commit- 
tee in weighing evidence of mechanisms were not derived from the large 
epidemiology studies considered above; there was no “double counting.” 
The committee evaluated each case report using a well-established set of 
criteria (“attribution elements”) for case evaluation (Miller et al., 2000). 
At a minimum, for a case to factor into the weight-of-evidence assessment, 
it had to include specific mention of the vaccine administered, evidence of 
clinician-diagnosed health outcome,’ and a specified and reasonable time 
interval (i.e., temporality or latency) between vaccination and symptoms.* 
Case descriptions that did not have the three basic elements described above 
were not considered in the mechanistic weight-of-evidence determinations. 
As discussed in the next section, however, these three criteria were only 
necessary but not sufficient to affect the weight of mechanistic evidence. 
After identifying cases with the three basic elements, the committee looked 
for evidence in the case descriptions and in other clinical or biological litera- 
ture of a possible operative mechanism(s) that would support a judgment 
that the vaccination was related to the adverse event. See Chapter 3 for a 
description of possible mechanisms identified by the committee. 

Rechallenge cases, in which an adverse event occurred after more than 
one administration of a particular vaccine in the same individual, could 
influence the weight of evidence. Each rechallenge, however, must meet 
the same attributes of reasonable latency, documentation of vaccination 
receipt, and clinician diagnosis of the health outcome. It is possible that 
one or more of the “challenges” in an individual case patient reporting is 
related to a coincidental exposure; thus, the committee looked for other 
information, as described below, that would support a role for the vaccine 
in each challenge. The value for the committee of rechallenge cases is much 
greater for monophasic conditions (events that typically happen only once, 





3On occasion, the case report author describes clinical test results or observations but does 
not proffer a diagnosis. In these cases, the committee assigned the case report to the health 
outcome it felt appropriate. Some authors of older case reports use a diagnosis appropriate for 
the time, but by today’s understanding of clinical disease and pathophysiology, the committee 
offers a different diagnosis and the case report is described within that committee-directed 
assessment. 

4What constitutes reasonable latency will vary across vaccines and across adverse events. 
For example, most adverse reactions from live virus vaccines would not be expected to occur 
within hours of vaccination; rather, time must elapse for viral replication. 
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e.g., vasculitis) than for relapsing-remitting conditions, such as multiple 
sclerosis or rheumatoid arthritis. 

Another factor that affected the weight of evidence was information in 
the clinical workup that eliminated well-accepted alternative explanations 
for the condition, thus increasing the possibility that the vaccine could be 
associated with the adverse event. For example, Guillain-Barré syndrome 
(GBS) is known to be associated with specific infections (e.g., Campylo- 
bacter). Case reports of GBS following vaccination weighed more heavily in 
the committee’s assessment if the authors reported that tests for those com- 
mon infections were negative, thus eliminating some likely causes for the 
GBS other than vaccination. Another particularly strong piece of evidence 
in the case description that affected the weight of evidence is isolation of 
vaccine strain virus from the patient. 

The committee follows the convention of previous IOM committees in 
considering the effects of the natural infection as one type, albeit minor, of 
clinical or biological evidence in support of mechanisms.’ Other evidence, 
described above, provided much stronger evidence in support of the mecha- 
nistic assessment. 

Evidence from animal studies is also informative if the model of the 
disease is well established as applicable to humans or if the basic immunol- 
ogy of the vaccine reaction is well understood. In vitro studies can also be 
informative, but such data must be eyed with skepticism regarding their 
relationship to the human experience. Specific examples of relevant clinical 
or biological information are discussed in Chapter 3 generally and in the 
vaccine-specific Chapters 4 through 11. 


Evaluation of the Body of Clinical and Biological (Mechanistic) Evidence 


The committee reviewed the approach of previous IOM committees 
addressing vaccine safety (IOM, 1991, 1994, 2001a,b, 2002a,b, 2003a,b, 
2004a,b) in evaluating the body of evidence of biological mechanisms. The 
committee also searched for other appropriate frameworks for evaluating 
biological evidence as support for causation analyses. The committee devel- 
oped four categories for the weight-of-evidence assessment. Each category 
includes consideration of the clinical information from case reports and 
consideration of clinical and experimental evidence from other sources. 





*The committee relied on standard textbooks of infectious disease or internal medicine for 
this evaluation; the committee did not review original research to come to this determination. 
This is consistent with previous IOM committees tasked with reviewing evidence of causality 
for vaccine safety. Evidence consisting only of parallels with the natural infections is never 
sufficient to merit a conclusion other than the evidence is inadequate to accept or reject a 
causal relationship. 
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The following are the categories for the mechanistic weight-of-evidence 
assessments: 


° Strong: One or more cases in the literature, for which the commit- 
tee concludes the vaccine was a contributing cause of the adverse 
event, based on an overall assessment of attribution in the available 
cases and clinical, diagnostic, or experimental evidence consistent 
with relevant biological response to vaccine. 

e Intermediate: At least two cases, taken together, for which the 
committee concludes the vaccine may be a contributing cause of 
the adverse event, based on an overall assessment of attribution 
in the available cases and clinical, diagnostic, or experimental evi- 
dence consistent with relevant biological response to vaccine. On 
occasion, the committee determined that at least two cases, taken 
together, while suggestive, are nonetheless insufficient for the com- 
mittee to conclude the vaccine may be a contributing cause of the 
adverse event, based on an overall assessment of attribution in the 
available cases and clinical, diagnostic, or experimental evidence 
consistent with relevant biological response to vaccine. This evi- 
dence has been identified in the text as “low-intermediate.” 

e Weak: Insufficient evidence from cases in the literature for the com- 
mittee to conclude the vaccine may be a contributing cause of the 
adverse event, based on an overall assessment of attribution in the 
available cases and clinical, diagnostic, or experimental evidence 
consistent with relevant biological response to vaccine. 

e Lacking evidence of a biologic mechanism: No clinical, diagnos- 
tic, or experimental evidence consistent with relevant biological 
response to vaccine,° regardless of the presence of individual cases 
in the literature. 


CAUSALITY ASSESSMENT 


The committee adopted the categories of causation developed by previ- 
ous IOM committees. Implicit in these categories is that “the absence of 
evidence is not evidence of absence.” That is, the committee began its as- 
sessment from the position of neutrality; until all evidence was reviewed, 
it presumed neither causation nor lack of causation. The committee then 





$The committee considered the clinical manifestations of the natural infection against which 
the vaccine is directed to be sufficient for a weight of evidence of weak, rather than lacking. 
As will be discussed in a subsequent section, a mechanism weight of evidence of weak alone 
is never sufficient to support a causality conclusion other than the evidence is inadequate to 
accept or reject a causal relationship. 
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moved from that position only when the combination of epidemiologic 
evidence and mechanistic evidence suggested a more definitive assessment 
regarding causation, either that vaccines might or might not pose an in- 
creased risk for an adverse event. 

The following are the categories of causation used by the committee: 


° Evidence convincingly supports’ a causal relationship—This ap- 
plies to relationships in which the causal link is convincing, as with 
the oral polio vaccine and vaccine-associated paralytic polio. 

e Evidence favors acceptance of a causal relationship—Evidence is 
strong and generally suggestive, although not firm enough to be 
described as convincing or established. 

° Evidence is inadequate to accept or reject a causal relationship— 
The evidence is not reasonably convincing either in support of 
or against causality; evidence that is sparse, conflicting, of weak 
quality, or merely suggestive—whether toward or away from cau- 
sality—falls into this category.? Where there is no evidence meeting 
the standards described above, the committee also uses this causal 
conclusion. 

e Evidence favors rejection of a causal relationship—The evidence 
is strong and generally convincing, and suggests there is no causal 
relationship. 


The category of “establishes or convincingly supports no causal rela- 
tionship" is not used because it is virtually impossible to prove the absence 
of a relationship with the same certainty that is possible in establishing the 
presence of one. Even in the presence of a convincing protective effect of 
vaccine in epidemiology, studies may not rule out the possibility that the re- 
action is caused by vaccine in a subset of individuals. Thus, the framework 
for this and previous IOM reports on vaccine safety is asymmetrical. The 
committee began not by assuming the causal relationship does not exist, 
but by requiring evidence to shift away from the neutral position that the 
evidence is *inadequate to accept or reject" a causal relationship. 

The committee then established a general framework by which the 
two streams of evidence (epidemiologic and mechanistic) influence the final 
causality conclusion. It is important to note that mechanistic evidence can 
only support causation. Epidemiologic evidence, by contrast, can support 
(*favors acceptance of") a causal association or can support the absence 
of (*favors rejection of") a causal association in the general population 
and in various subgroups that can be identified and investigated, unless or 





7Previous IOM committees used the term establishes instead of convincingly supports. 
See Chapter 13 for further discussion. 
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until supportive mechanistic evidence is discovered or a rare, susceptible 
subgroup can be identified and investigated. This framework needed to ac- 
commodate the reality that for any given causality conclusion one or both 
of the types of evidence could be lacking, the two types of evidence could 
conflict, or neither type of evidence might definitively influence the causal- 
ity conclusion. 

The framework also had to accommodate known limitations of both 
types of evidence. Epidemiologic analyses are usually unable to detect an 
increased or decreased risk that is small, unless the study population is 
very large or the difference between the groups (e.g., vaccinated vs. unvac- 
cinated) at risk is very high (e.g., smoking increases the risk of lung cancer 
by at least 10-fold). Epidemiologic analyses also cannot identify with cer- 
tainty which individual in a population at risk will develop a given condi- 
tion. These studies also can fail to detect risks that affect a small subset of 
the population. Mechanistic evidence, particularly that emerging from case 
reports, occasionally can provide compelling evidence of an association 
between exposure to a vaccine and an adverse reaction in the individual 
being studied, but it provides no meaningful information about the degree 
of risk to the population or even to other individuals who have the same 
predisposing characteristics. The occurrence rate of the adverse event or 
condition in the general population cannot be estimated from case reports,” 
nor can one be certain that the risk is homogeneous across potentially vul- 
nerable subgroups within the general population (e.g., the developing fetus 
and infants under 24 months, immunologically compromised individuals, 
or individuals with a rare genetic predisposition). 

The framework does not accommodate any information regarding the 
benefit of the vaccine to either population or individual health. The focus 
of this particular committee is only on the question of what particular vac- 
cines can cause particular adverse effects. 

In general, the framework shown in Figure 2-2 illustrates how causality 
conclusions can be based primarily on epidemiologic evidence, primarily on 
mechanistic evidence, or on a combination of the two, and that on occa- 
sion expert judgment, such as that provided by the complement of expertise 
represented on the committee, is needed to weigh uncertain or competing 
evidence. 


Evidence Convincingly Supports a Causal Relationship 


The framework allows for a causality conclusion of *convincingly sup- 
ports" based on an epidemiologic weight-of-evidence assessment of high in 





?See Chapter 13 for further discussion. 
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the direction of increased risk (which requires at least two well-conducted 
epidemiologic studies). 

The framework also allows strong mechanistic evidence, which requires 
at least one case report in which compelling evidence exists that the vac- 
cine indeed did cause the adverse event, to carry sufficient weight for the 
committee to conclude the evidence convincingly supports a causal relation- 
ship. The committee considered laboratory-confirmed, vaccine-strain virus 
isolation compelling evidence to attribute the disease to the vaccine-strain 
virus and not other etiologies. The committee recognizes that vaccine-strain 
virus can transiently appear in otherwise sterile spaces after vaccination; 
however, the committee determined that the accurate detection of vaccine- 
strain virus in symptomatic individuals to be strong evidence that the 
vaccine caused the symptoms. This conclusion can be reached even if the 
epidemiologic evidence is rated *high" in the direction of no increased risk 
or even decreased risk. The simplest explanation in this circumstance is that 
the adverse effect is real but also very rare. Another way of stating this is 
that if the vaccine did cause the adverse effect in one person, then it can 
cause the adverse effect in someone else (IOM, 1994). It might seem that 
the committee *overvalued" case reports in allowing one case to provide 
convincing evidence of causation; however, it is a rare case report that is so 
convincing. For most of the specific causality conclusions in this category, 
more than one compelling case report existed. 

The isolated report of one convincing case provides no information 
about the risk of the adverse effect in the total population of vaccinated 
individuals compared with unvaccinated individuals. If the one convincing 
case has an underlying condition that may increase susceptibility to the 
adverse effect, it might have no relevance to the otherwise not-susceptible 
population. 

As will be described in subsequent chapters of the report, the committee 
concluded the evidence convincingly supports 14 specific vaccine-adverse 
event relationships. In all but one of these relationships, the conclusion was 
based on strong mechanistic evidence with the epidemiologic evidence rated 
as either limited confidence or insufficient. When moderate or strong epide- 
miologic evidence is not available to support the committee's conclusions 
favoring causality, it is difficult, if not impossible, to quantify the risk of the 
adverse event in either the entire population or the susceptible subgroup. 
See Chapter 13 for a discussion of this issue. 


Evidence Favors Acceptance of a Causal Relationship 


A conclusion of “favors acceptance of a causal relationship" must be 
supported by either epidemiologic evidence of *moderate" certainty of 
an increased risk or by mechanistic evidence of intermediate weight. The 
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framework requires more than one epidemiologic study or more than one 
case report (with supporting but not conclusive mechanistic Information) 
in support of this causality conclusion. A weight of mechanistic evidence of 
low-intermediate was not sufficient, without concurring epidemiologic evi- 
dence, to support a conclusion favoring acceptance of a causal relationship. 

As will be described in subsequent chapters of the report, the committee 
concluded the evidence favors acceptance of four specific vaccine-adverse 
event relationships. 


Evidence Favors Rejection of a Causal Relationship 


The framework allows the committee to “favor rejection” of a causal 
relationship only in the face of epidemiologic evidence rated as high or 
moderate in the direction of no effect (the null) or of decreased risk and 
the absence of strong or intermediate mechanistic evidence in support of a 
causal relationship. As described above, the committee requires more than 
one epidemiologic study to merit a conclusion that the evidence favors 
rejection of a causal relationship. 

As will be described in subsequent chapters of the report, the commit- 
tee concluded the evidence favors rejection of five specific vaccine-adverse 
event relationships. 


Evidence Is Inadequate to Accept or Reject a Causal Relationship 


The committee identified two main pathways by which it concludes 
that the evidence is *inadequate to accept or reject" a causal relationship. 
The most common pathway to this conclusion occurs when the epidemio- 
logic evidence was of limited certainty or insufficient and the mechanistic 
evidence was weak or lacking. Another pathway occurs when the epidemio- 
logic evidence is of moderate certainty of no effect but the mechanistic evi- 
dence is intermediate in support of an association. The committee analyzed 
these sets of apparently contradictory evidence and ultimately depended 
upon its expert judgment in deciding if a conclusion to favor acceptance 
based on the intermediate mechanistic data was warranted or if the conclu- 
sion remained as “inadequate to accept or reject” a causal relationship. The 
committee required more than one epidemiologic study to conclude other 
than that the evidence is inadequate to accept or reject a causal relationship. 

As will be described in subsequent chapters of the report, the committee 
concluded the evidence was inadequate to accept or reject the vast majority 
of specific vaccine-adverse event relationships. See Chapter 13 for a discus- 
sion of this conclusion. 
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SPECIAL CONSIDERATIONS 


As described in Chapter 3, the committee recognized that the risk 
of an adverse effect of a vaccine can be influenced by host factors, some 
known and others not yet understood. Where the committee thought the 
evidence—whether from epidemiologic analyses or from the clinical stud- 
ies—regarding risks to subpopulations was informative, evidence-based, 
and biologically sound, it made separate conclusions. For example, the 
risk of invasive disease following varicella vaccine, a live virus vaccine, is 
likely much higher in immunocompromised persons than in persons who 
are immunocompetent. Other subpopulation analyses in the report include 
age and sex for some specific adverse events. 

In their consideration of several adverse events, the committee con- 
cluded that the mechanism of injury was likely unrelated to the specific 
antigenic or other components of the vaccine. The committee concluded 
that the exposure of concern is not the injected vaccine, rather the injection 
of the vaccine. The adverse events include syncope, complex regional pain 
syndrome, and deltoid bursitis. These are covered in Chapter 12. 
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Evaluating Biological Mechanisms 
of Adverse Events 


Charged with reporting on biological mechanisms, the committee re- 
viewed evidence presented in case reports/clinical write-ups, laboratory 
tests, and animal models. Based on the array of adverse events and types 
of vaccines being reviewed, the committee compiled a list of mechanisms it 
deemed most likely to contribute to the development of adverse events after 
vaccination. The pathophysiologies and, at times, the evidence needed to 
identify a mechanism as operative were discussed. The mechanisms include 
immune-mediated reactions, viral activity, and injection-related reactions. 
The committee also discussed the coagulation cascade and its contribution 
to disease. In addition, the committee discussed the mechanisms that could 
lead to the development of adverse events in susceptible individuals, as well 
as the role vaccination could have in revealing an underlying immunodefi- 
ciency. The committee also discussed alterations in brain development that 
included a discussion of autism. Lastly, the advantages and disadvantages 
of applying evidence of a mechanism derived from an animal model to a 
human condition are discussed. 


LATENCY BETWEEN ANTIGEN EXPOSURE AND 
PEAK ADAPTIVE IMMUNE RESPONSE 


Antigen exposure initiates an array of reactions involving the immune 
system, including the activation of white blood cells called lymphocytes that 
fight infection. After antigen exposure, two types of lymphocytes, B cells 
and T cells, differentiate into effector (e.g., antibody-producing B cells and 
cytotoxic and helper T cells) and memory cells. For both B and T cells in a 
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typical immune response to an antigen exposure, the latency between the 
first (primary) exposure and development of the primary response is charac- 
terized by a lag phase, logarithmic phase, and plateau phase. The lag phase 
is characterized by the initial activation of B and T cells upon encounter 
with the antigen for which they are specific, and this triggers the cells’ dif- 
ferentiation into effector and memory cells. The lag phase between primary 
exposure to an antigen and the logarithmic phase is classically thought to 
be 4 to 7 days, but it varies depending on route of exposure and the antigen 
itself. For B cells, the logarithmic phase is characterized by an increase in 
serum antibody levels that classically is logarithmic. The plateau phase is 
characterized by the maintenance of peak antibody levels for a length of 
time that is followed by a decline in the serum antibody levels. For many 
antigens the latency (lag phase) between primary exposure and development 
of the primary antibody response is 7 to 10 days. Due to the development 
of memory B and T cells during the primary immune response, the latency 
between subsequent exposure to the antigen and development of the immune 
response will usually be shorter. The lag phase is generally 1 to 3 days; the 
logarithmic phase of the secondary antibody response occurs over the next 
3 to 5 days. As mentioned for the primary immune response, these time 
periods will vary depending on the route of exposure, the timing of the 
subsequent exposure, the antigen itself, and the antigen dose. While this 
discussion is not specific to a particular antigen, it can be used as a reference 
point for the latency between antigen exposure and the initiation of some of 
the immune-mediated mechanisms described below. 

Contributing to the activation of B and T cells and the initiation of the 
adaptive immune response are cells classically associated with the innate im- 
mune system (e.g., macrophages and dendritic cells). These cells play roles at 
each of the stages mentioned above and are usually the first cells of the im- 
mune system to be exposed to antigen. Upon antigen encounter, macrophages 
and dendritic cells engulf the antigen, a process that also activates these 
innate immune cells to become antigen-presenting cells. Antigen-presenting 
cells, as their name suggests, present the antigen to T cells (see *Effector 
Functions of T Cells" below) and release inflammatory mediators (e.g., 
cytokines and chemokines) that contribute to the recruitment, activation, and 
proliferation of B and T cells. Activated B and T cells in turn release inflam- 
matory mediators leading to the recruitment and activation of additional 
immune cells that further amplify the immune response through the release 
of inflammatory mediators. Regulatory cells and soluble immunoregulatory 
mediators (not discussed in this report) play roles in suppressing the immune 
response. Chaplin (2010) provides a review of the immune response including 
discussion of the interplay between the innate and adaptive arms of the im- 
mune system, cells associated with the innate and adaptive immune systems, 
and inflammatory/immunoregulatory mediators. 
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Many vaccines, particularly subunit vaccines (e.g., recombinant hepa- 
titis B and tetanus toxoid), contain adjuvants that help to increase the 
response rates to vaccines and facilitate the use of fewer and smaller doses 
(Coffman et al., 2010). Currently, two adjuvants (alum as aluminum phos- 
phate or aluminum hydroxide, and ASO4, which is comprised of mono- 
phosphoryl lipid A and alum) are in vaccines licensed for use in the United 
States. Although the exact mechanism of action of many adjuvants is not 
completely understood, it is hypothesized that alum delays systemic ab- 
sorption of injected antigens, resulting in antigen retention in particulate 
form and in high concentration at the site of local injection (Tritto et al., 
2009). This in turn results in prolonged exposure of the cells of the innate 
immune system to antigen (Tritto et al., 2009). Furthermore, alum may 
directly activate cells of the innate immune system through its effect on lo- 
cal inflammasome complexes (Coffman et al., 2010) leading to the release 
of inflammatory mediators and enhancement of the immune response as 
described above. The review by Coffman et al. (2010) provides a detailed 
description of the mechanism(s) of action of clinically approved adjuvants 
including alum and ASO4. 


IMMUNE-MEDIATED MECHANISMS 


Several immune-mediated mechanisms have been hypothesized to be 
involved in the pathogenesis of tissue damage or clinical disease related to 
natural infection or immunizations. A brief description of some of these 
mechanisms follows. 


Effector Functions of T Cells 


T cells are the subset of lymphocytes that develop in the thymus. They 
are further delineated by the expression of cell surface markers and the 
production of inflammatory and immunoregulatory mediators. Two T cell 
subsets, CD8* and CD4* T cells, are activated via recognition of peptides 
derived from antigen. For activation of T cells to occur, the peptides are 
bound to major histocompatibility complexes (MHCs) expressed on the 
surface of specialized white blood cells called antigen-presenting cells. T 
cells have various functions in the immune response. 

CD8* T cells are activated in response to antigens that gain access to 
the cytosol of cells. These antigens are broken down into peptides. The 
peptides are presented to CD8* T cells after being bound to class I MHC 
molecules. Class I MHC molecules are expressed on nearly all nucleated 
cells (Harty et al., 2000). CD8* T cells express a T cell receptor (TCR) that 
binds peptide-class I MHC complexes. CD8* T cells that express different 
TCRs allow for recognition of many different antigens. The binding of 
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the CD8* T cell TCR to the peptide-class I MHC complex on professional 
antigen-presenting cells (e.g., dendritic cells) activates the CD8* T cells 
which then respond against cytosolic infections such as viruses, intracyto- 
plasmic bacteria, and protozoa (Harty et al., 2000). Activated CD8* T cells 
induce death of infected cells through mechanisms that include (1) release 
of granules containing the pore-forming molecular perforin or (2) engage- 
ment of Fas receptors on target cells (Harty et al., 2000). Both mechanisms 
induce apoptosis, or programmed cell death, in the target cell. In addition, 
activated CD8* T cells secrete cytokines, molecules critical to intercellular 
communication, that recruit and activate macrophages and neutrophils 
(Harty et al., 2000). 

In contrast to CD8* T cells, CD4* T cells are predominantly activated 
in response to extracellular antigens that are endocytosed or phagocytosed, 
broken down into peptides, and bound to class II MHC molecules on the 
surface of professional antigen-presenting cells (Guermonprez et al., 2002). 
Class II MHC molecules are expressed on dendritic cells, macrophages, 
B cells, and activated T cells. The CD4* T cells express TCRs that bind 
peptide-class II MHC complexes. Recognition of peptide antigen- MHC 
complexes activates CD4* T cells against a variety of antigens including, 
but not limited to, bacteria, parasites, and proteins. Activated CD4* T cells 
direct aspects of the immune response via the secretion of immunoregula- 
tory cytokines and other soluble mediators. These inflammatory mediators 
can induce B cells to undergo immunoglobulin (Ig) class switching (e.g., 
IgM to IgE); to support the activity of CD8* T cells; to recruit and activate 
eosinophils, basophils, neutrophils, mast cells, and macrophages; and to 
down-regulate immune responses (Koretzky, 2008; Wan and Flavell, 2009). 
Several lineages of CD4* T cells, with overlapping and competing effects 
based on those described above, have been identified (Wan and Flavell, 
2009). One CD4* T cell lineage, referred to as regulatory T cells, func- 
tions to maintain self tolerance and immune homeostasis (Wan and Flavell, 
2009). In addition, some CD4* T cells can induce cytolysis via the mecha- 
nisms described for CD8* T cells (Soghoian and Streeck, 2010). 

In summary, T cells contribute to the establishment and maintenance 
of immune responses, the clearance of pathogens, and the maintenance of 
self-tolerance. T cells play roles in many disease processes including, but 
not limited to, rheumatoid arthritis, type 1 diabetes, and asthma (Wan and 
Flavell, 2009). 


Effector Functions of Antibodies and Autoantibodies 


Antibodies are antigen-binding proteins produced by terminally differ- 
entiated effector B cells called plasma cells. Antibodies that bind antigens 
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derived from the host organism (i.e., self-antigens) are referred to as auto- 
antibodies. Autoantibodies are considered one of the hallmarks of certain 
autoimmune diseases; however, the presence of autoantibodies does not cor- 
relate perfectly with disease. Autoantibodies have been detected in healthy 
individuals as well as those with autoimmune diseases (Elkon and Casali, 
2008; Zelenay et al., 2007). The mechanisms whereby autoantibodies exert 
their effects in the disease process are the same used by antibodies against 
foreign antigens (i.e., non-self-antigens). These include, but are not limited 
to, opsonization, neutralization, complement activation, augmentation, and 
engagement of constant region (Fc) receptors. 

Neutralization of an antigen or pathogen expressing the target antigen 
is one effector mechanism attributed to antibodies. For example, antibod- 
ies against influenza virus hemagglutinin neutralize the virus by blocking 
the interaction of the virus with the receptor on the target cell, thereby 
preventing infection (Han and Marasco, 2011). In addition, while not 
preventing influenza infection, antibodies against influenza neuraminidase 
restrict replication of the virus by preventing release of virus from infected 
cells (Han and Marasco, 2011). This is one of the ways vaccines, which in- 
duce pathogen-specific antibodies, elicit protection from diseases. However, 
neutralization of self-antigens by autoantibodies can also contribute to the 
pathogenesis of some autoimmune diseases. For example, neutralizing auto- 
antibodies against the cytokine granulocyte/macrophage colony-stimulating 
factor (GM-CSF) are found in autoimmune pulmonary alveolar proteinosis, 
which is characterized by dysfunctional alveolar macrophages and function- 
ally impaired neutrophils (Watanabe et al., 2010). Autoantibodies against 
GM-CSF block interaction of the cytokine with receptors on macrophages, 
inhibiting their maturation, and on neutrophils, leading to impairment of 
phagocytosis, adhesion, bacterial killing, and oxidative burst (Watanabe 
et al., 2010). 

Antibodies against surface-bound antigens can lead to the opsonization 
(coating) of the pathogen or a cell expressing the antigen. For example, an- 
tibodies against the capsular polysaccharide of Streptococcus pneumoniae 
result in the opsonization of the bacteria and clearance of the bacteria by 
phagocytic cells (Bruyn et al., 1992). In a proinflammatory setting, such as 
antineutrophil cytoplasmic autoantibody-associated vasculitides, opsoniza- 
tion can lead to the perpetuation of inflammation (van Rossum et al., 
2005). For example, opsonization of neutrophils by autoantibodies against 
proteinase 3 (PR3) and myeloperoxidase (MPO) contributes to the activa- 
tion of neutrophils resulting in their degranulation, which in turn leads to 
vessel injury (van Rossum et al., 2005). 

Antibody-antigen interactions can lead to complement activation (com- 
plement activation is discussed in a subsequent section). Antibodies against 
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bacteria lead to complement activation resulting in elimination of the bacte- 
ria (Bruyn et al., 1992). Similarly, engagement of aquaporin-4, expressed on 
the surface of astrocytes, by autoantibodies results in complement activation 
leading to disruption of the integrity of the plasma membrane and astrocyte 
injury (Cayrol et al., 2009). 

Engagement of Fc receptors by antibodies bound to antigen can lead to 
clearance of the antigen or antigen-expressing pathogen or cell, or to activa- 
tion of the receptor-expressing cell. The Fc receptors on macrophages, by 
binding to antibody-coated bacteria, allow the macrophages to engulf and 
then kill the bacteria. One example, discussed above, is the opsonization 
of Streptococcus pneumoniae by antibodies against the capsular polysac- 
charide that leads to the clearance of the bacteria by macrophages (Bruyn 
et al., 1992). Likewise, the clearance of apoptotic neutrophils opsonized by 
autoantibodies against PR3 and MPO, as discussed above, is facilitated by 
engagement of the Fc receptors expressed on the surface of the macrophages 
(van Rossum et al., 2005). In addition, as described above, opsonization of 
neutrophils by autoantibodies against PR3 and MPO contributes to the ac- 
tivation of neutrophils. Autoantibodies against PR3 and MPO contribute to 
neutrophil activation through engagement of Fc receptors by the constant 
region of the autoantibodies whose variable regions (Fab) are binding either 
PR3 or MPO on the same cell (van Rossum et al., 2005). 

Autoantibodies also have the ability to augment the effects of the target 
antigen. For example, the autoantibody complex interleukin-8 (IL-8) has 
been shown to augment IL-8-induced neutrophil migration in acute respi- 
ratory distress syndrome (Watanabe et al., 2010). IL-8-induced neutrophil 
migration is more strongly induced by engagement of Fc receptors by 
IL-8-autoantibody complexes than by engagement of the IL-8 receptor 
alone (Watanabe et al., 2010). 

As suggested above, autoantibodies use multiple mechanisms during 
a disease process. Antigen-bound autoantibodies can both (1) engage Fc 
receptors and (2) induce activation of the complement system. These pro- 
cesses lead to the activation of inflammatory cells such as neutrophils and 
macrophages, and to generation of proinflammatory mediators that play 
pathogenic roles in autoimmune diseases. 


Complement Activation 


The complement system is comprised of more than 30 soluble or 
membrane-bound proteins. Complement activation, an outcome of a 
cascade of enzymatic reactions, leads to the generation of inflammatory 
mediators that play a role in host defense via three physiological processes 
(Dunkelberger and Song, 2010). First, complement activation leads to 
the targeted lysis of infectious agents through the generation of the mem- 
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brane attack complex (MAC), which forms membrane-penetrating pores in 
pathogens (Dunkelberger and Song, 2010). Second, complement activation 
leads to the opsonization of infectious agents by complement opsonins 
and the engagement of complement receptors on phagocytic cells resulting 
in the clearance of the infectious agent (Dunkelberger and Song, 2010). 
Lastly, complement activation leads to the generation of proinflammatory 
anaphylatoxins that act as vasodilators, cytokines, and inducers of smooth 
muscle contraction; oxidative bursts from neutrophils; and histamine re- 
lease from mast cells (Sarma and Ward, 2011). In addition to the physi- 
ological processes described above, the complement system plays a role in 
the selection, maintenance, and differentiation of B cells into plasma and 
memory cells, and in the priming of CD4* and CD8* T cells (Dunkelberger 
and Song, 2010). 

Three pathways—classical, lectin, and alternative—lead to complement 
activation and the generation of inflammatory mediators responsible for the 
physiological processes discussed above. These pathways converge where 
C3 convertases cleave the complement component C3 into the anaphyla- 
toxin C3a and the opsonin C3b; from this point, further enzymatic reac- 
tions generate additional anaphylatoxins, opsonins, and the MAC (Gros 
et al., 2008). The pathways are discussed below. 

The initiation of the classical pathway occurs when the complement 
component C1q, in complex with the complement components Cir and 
C1s, bind immune complexes (comprised of antigen bound by IgG or IgM 
antibodies) (Rus et al., 2005). C1q can also initiate the classical pathway 
by binding to C-reactive protein, serum amyloid P, gram-negative bacterial 
walls, and central nervous system myelin (Rus et al., 2005). Autocatalytic 
activation of Clr and Cls leads to an enzymatic reaction involving the 
complement components C4 and C2 and the generation of fragments that 
combine to form C3 convertase (Dunkelberger and Song, 2010). 

The lectin pathway is initiated when pattern recognition receptors 
(PRRs), such as mannose-binding lectin, bind to highly conserved structures 
in microorganisms termed pathogen-associated molecular patterns (PAMPs) 
(Dunkelberger and Song, 2010). PAMPs can be found on the surfaces of 
yeast, bacteria, parasites, and viruses (Sarma and Ward, 2011). Similar to 
the classical pathway, recognition of PAMPs by PRRs leads to an enzymatic 
reaction involving the complement components C4 and C2 and the genera- 
tion of fragments that combine to form C3 convertase (Dunkelberger and 
Song, 2010). 

Initiation of the alternative pathway occurs when C3 undergoes spon- 
taneous hydrolysis on the surface of pathogens or other targets that have 
neutral or positive charge characteristics and/or that support the binding 
of activated C3 (Holers, 2008). The altered form of C3, called C3i or 
C3(H,O), can bind factor B, which in turn is cleaved by factor D, leading 
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to the generation of C3 convertase (Holers, 2008). In addition to promot- 
ing the generation of the inflammatory mediators discussed above, the 
alternative pathway increases complement activation through an amplifi- 
cation loop (Holers, 2008). The amplification loop is engaged when C3b, 
generated by C3 convertase from any of the three complement activation 
pathways, binds factor B, which in turn is cleaved by factor D, leading to 
further C3 activation (Holers, 2008). Sites of local injury and decreased 
expression of complement regulatory proteins can promote engagement of 
the amplification loop (Holers, 2008). 


Hypersensitivity Reactions 


Hypersensitivity reactions are immune-mediated reactions to sub- 
stances, termed allergens, which do not generate adverse immune responses 
in the majority of the population. Individuals who are “atopic” develop 
immune responses to the allergens that lead to symptoms such as hay fever 
or wheezing in response to pollens, or vomiting and lip swelling in response 
to certain foods. These reactions develop after sensitizing exposure(s) and 
reexposure to an allergen, and are broadly classified as immediate or de- 
layed hypersensitivity reactions. Described below are two mechanisms clas- 
sified as immediate hypersensitivity reactions involved in allergic reactions, 
including the severe, potentially fatal, systemic allergic reactions that are 
rapid in onset and known as anaphylaxis. 


Immunoglobulin E-Mediated Hypersensitivity 


Definition of immunoglobulin E-mediated hypersensitivity By far the 
most common mechanism responsible for immediate hypersensitivity reac- 
tions involves immunoglobulin E (IgE) and is termed immunoglobulin E- 
mediated hypersensitivity, in which allergen-specific IgE antibodies undergo 
synthesis and binding to high-affinity IgE receptors on the surface of mast 
cells and basophils. Subsequent exposure of allergen to receptor-bound IgE 
leads to cross-linking of IgE, activation of mast cells and basophils, and 
release of inflammatory mediators (Simons, 2009). 


Evidence needed to conclude that IgE-mediated hypersensitivity is operative 
in anaphylaxis Positive skin test results and/or the presence of allergen- 
specific IgE in serum indicate that a patient is sensitized to an allergen but 
alone are not conclusive of IgE-mediated reactions or anaphylaxis (Simons, 
2009); similarly, negative tests do not conclusively exclude clinical reactivity 
to an allergen. Testing for mediators of allergic reactivity, such as hista- 
mine and tryptase, may be useful in confirming an episode of anaphylaxis 
(Simons, 2009). However, testing for these mediators is frequently not 
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available, so physicians must rely on the clinical history, and signs and 
symptoms of a reaction, to make the diagnosis (Sampson et al., 2006). 


Examples of allergen exposures thought to cause IgE-mediated anaphy- 
laxis Many allergens have been associated with the development of IgE- 
mediated anaphylaxis. These include food (e.g., milk, egg, peanuts, tree 
nuts, shellfish, gelatin), food additives (e.g., some colorants, spices, yeast), 
venoms (e.g., insect stings), latex, and inhalants (e.g., animal danders and 
grass pollen) (Simons, 2010). 


Adverse events on our list thought to be due to IgE-mediated hypersensitiv- 
ity reactions Antigens in the vaccines that the committee is charged with 
reviewing do not typically elicit an immediate hypersensitivity reaction (e.g., 
hepatitis B surface antigen, toxoids, gelatin, ovalbumin, casamino acids). 
However, as will be discussed in subsequent chapters, the above-mentioned 
antigens do occasionally induce IgE-mediated sensitization in some indi- 
viduals and subsequent hypersensitivity reactions, including anaphylaxis. 


Complement-Mediated Hypersensitivity 


Definition of complement-mediated hypersensitivity A much less frequent 
cause of immediate hypersensitivity is due to complement-mediated hy- 
persensitivity, which involves the activation of the complement pathway 
by dialysis membranes, for example. Complement activation generates 
the anaphylatoxins C3a and C5a which bind to complement receptors on 
the surface of mast cells, leading to the release of inflammatory mediators 
(Noone and Osguthorpe, 2003). 


Evidence needed to conclude that complement-mediated hypersensitiv- 
ity is operative in anaphylaxis Although the clinical history and signs 
and symptoms of anaphylaxis are typically used to make the diagnosis of 
anaphylaxis, measurement of inflammatory mediators such as histamine, 
tryptase, kallikrein, and bradykinin, in addition to others, may be helpful 
in confirming an episode of anaphylaxis (Sampson et al., 2006; Simons, 
2010). During or shortly after an episode of anaphylaxis, the demonstration 
of an acute elevation of C3a and C5a (both of which can increase vascu- 
lar permeability and smooth muscle contraction) is useful in implicating 
complement-mediated hypersensitivity as the operative mechanism in the 
anaphylactic episode. 


Examples of exposures thought to cause complement-mediated anaphy- 


laxis A small number of substances have been associated with the de- 
velopment of complement-mediated anaphylaxis. These include dialysis 
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membranes, human proteins (e.g., transfusion or other blood product), 
immune complexes, and oversulfated chondroitin sulfate-contaminated 
heparin (Noone and Osguthorpe, 2003; Simons, 2010). 


Adverse events on our list thought to be due to complement-mediated 
hypersensitivity reactions The antigens and potential antigens contained 
in the vaccines that the committee is charged with reviewing are not com- 
monly associated with complement-mediated anaphylaxis. 


Immune Complexes 


When present in adequate concentrations, antigen and antibody gen- 
erate large complexes, termed immune complexes, which can lead to ini- 
tiation of the inflammatory cascade through complement activation and 
engagement of Fc receptors, and to increased vascular permeability through 
the release of vasoactive factors upon activation of mast cells and neutro- 
phils (Gao et al., 2006; Malbec and Daeron, 2007; Mayadas et al., 2009; 
Roubin and Benveniste, 1985; Volanakis, 1990). In addition, at cold tem- 
peratures, in vitro, some antibodies can precipitate from serum; they are 
called cryobglobulins (Tedeschi et al., 2007). The immune complexes may 
include IgM rheumatoid factor and antibodies against pathogens (Tedeschi 
et al., 2007). Immune complexes can cause pathologic damage and disease. 


Evidence Needed to Conclude That Immune Complexes 
Are Operative in a Clinical Case or an Animal Model 


The first requirement before attributing a symptom complex to the 
action of immune complexes is to demonstrate their presence. This can 
be done in plasma, using assays such as the Raji cell assay or the enzyme- 
linked immunosorbent assay to detect binding to plate-bound C1q, or to 
look for immune complexes on red cells that transport the complexes to 
the liver where they are ingested by Kuppfer cells (Bellamy et al., 1997; 
Crockard et al., 1991; Kohro-Kawata et al., 2002; Zhong et al., 1997). 
It is also useful to demonstrate immune complexes in the affected tissue 
when tissue biopsy is available or needed for diagnostic purposes. Im- 
munohistology showing co-localization of IgG and early components of 
the complement cascade serves to demonstrate the presence of immune 
complexes. To conclude that a particular antigen is responsible for immune 
complex formation, it is necessary to show that the antigen is present at the 
site of antibody deposition in tissue, or is within the circulating immune 
complexes in plasma. It is not necessary to show that the entire antigen is 
present, because serum and tissue proteases may digest much of the antigen 
that is not protected within the antibody-binding site (Durkin et al., 2009). 
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Therefore, negative studies for antigen may be considered inconclusive as 
only a small moiety of antigen may remain and may not be easily detect- 
able (i.e., antibody to the antigen may be targeted to previously digested 
portions of the antigen). 


Examples of Natural Infection, Vaccine, or Drug Exposure Thought to 
Cause a Clinical Condition or Disease That Is Due to Immune Complexes 


There are several conditions in which immune complex-mediated tissue 
damage occurs. 


e Hepatitis B infection is characterized by a number of accompany- 
ing comorbidities. Polyarteritis nodosum occurs in individuals with 
chronic hepatitis, and is thought to be mediated by immune com- 
plexes that include viral antigen and specific antibody (Cacoub and 
Terrier, 2009). 

° Some drug allergies can cause serum sickness which is an immune 
complex disease with deposition of complexes in joints, pleura 
or pericardium, and glomeruli causing local, generally reversible, 
inflammation (Naguwa and Nelson, 1985). 

e Systemic lupus is characterized by immune complexes in the circu- 
lation, skin, pleura, and pericardium. When the immune complexes 
are present in glomeruli, they cause glomerulonephritis, a serious 
manifestation of the disease. The target antigens in lupus appear 
to be apoptotic debris in circulating immune complexes, and both 
trapped and tissue antigen in the kidney (Munoz et al., 2010). In 
lupus, antibodies to the complement component C1q can bind to 
tissue-bound immune complexes, making it difficult to clear the 
complexes and increasing the consequent inflammation. 

e Rheumatoid arthritis is a disease characterized by antibodies to IgG 
(rheumatoid factor) and cyclic citrullinated peptide. Both antibod- 
ies are thought to enhance inflammation in affected tissue, primar- 
ily joints (Conrad et al., 2010; Wegner et al., 2010). In mouse 
models, antibody-mediated enhancement of rheumatoid arthritis 
has been demonstrated; in the human disease, the model remains 
speculative. 

e Streptococcal infections exhibit many antibody-mediated sequelae. 
In particular, arthritis and glomerulonephritis are considered to 
be the consequence of circulating immune complexes that de- 
posit in joints and glomeruli, initiating an inflammatory cascade 
(Rodriguez-Iturbe and Batsford, 2007). These conditions are self- 
limited because the immune complexes cease to form once strepto- 
coccal antigen is eliminated. 
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e In many patients, hepatitis C is characterized by the presence of 
cryoglobulins that are thought to be rheumatoid factors bound to 
antibodies to the hepatitis C viral antigen (Sansonno et al., 2007). 
These cryoglobulins are notoriously difficult to treat, and they 
cause injury in multiple organs. 


Adverse Events on Our List Thought to Be Due to Immune Complexes 


It is not clear that this mechanism is operative in any adverse event 
reported secondary to vaccine administration. It is important to note that 
the immune complexes and ensuing immune complex-mediated symptoms 
induced by vaccine usually should be short-lived. As vaccine antigen is 
eradicated by antibody or catabolism, specific antibody is no longer pro- 
duced and the inflammatory process subsides. Only live vaccines have the 
potential for continued long-term production of antigen due to viral repli- 
cation; antigen from nonreplicating vaccines is likely to disappear within 
a few weeks. The adverse events most suggestive of immune complex- 
mediated symptomatology are those associated with hepatitis B vaccine, as 
it is known that the antibodies raised to viral antigen in the course of the 
natural infection can form damage-inducing complexes. There are no data, 
however, documenting immune complexes containing hepatitis B surface 
antigen. 


Tissue Responses (Fever and Seizures) 


The mechanisms leading to the development of febrile seizures include 
the induction of fever by inflammatory mediators and the effects of pyrexia, 
and of the inflammatory response on neuronal excitability. It is now recog- 
nized that febrile seizures have significant genetic susceptibility components. 


Induction of Fever by Inflammatory Mediators 


Fever is a biologic response to a host of extrinsic and intrinsic pyro- 
genic stimuli (Avner, 2009). Extrinsic pyrogenic stimuli include bacterial 
toxins and other products of microbial metabolism (e.g., lipopolysaccharide 
released from the cell wall of gram-negative bacteria). Intrinsic pyrogenic 
stimuli include antigen-antibody complexes and activated components of 
the complement system, either of which may result from a microbial infec- 
tion or immunization with microbial antigens. 

These pyrogenic stimuli induce monocytes, macrophages, and other in- 
flammatory cells to release pyrogenic cytokines (e.g., IL-1 alpha, IL-1 beta, 
TNE, interferon) into the circulation. Acting either directly or indirectly on 
the specialized neurons of the thermoregulatory center in the preoptic area 
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of the hypothalamus, these cytokines induce the production of E-series 
prostaglandins that raise the host’s thermoregulatory set point, resulting in 
an increase in core body temperature. 


Effects of Pyrexia and the Inflammatory Response on Neuronal Excitability 


The specific mechanism whereby fever might induce a seizure is not 
known. It is known that changes in temperature can alter certain ion chan- 
nels in the brain and potentially cause abnormal or synchronized neuro- 
nal discharges and seizures (Shibasaki et al., 2007; Thomas et al., 2009). 
Moreover, fever-induced hyperventilation and the resulting alkalosis may 
also play a role in seizure induction (Schuchmann et al., 2006). Further- 
more, animal data are emerging on the role of the inflammatory response 
in astroglial cells after a prolonged febrile seizure. It has been shown that 
IL-1 beta synthesis is induced after a febrile seizure, and that it has potent 
proconvulsant effects in both immature and adult rodents (Dube et al., 
2010). The role inflammatory mediators play in epileptogenesis is not fully 
understood and is an area of intense research interest. Recently, Balosso 
et al. (2008) showed that IL-1 beta is overexpressed in glia and neurons in 
animal models with seizures. This inflammatory mechanism has a procon- 
vulsant effect, and may influence changes in neuronal excitability (Balosso 
et al., 2008). Fever-induced factors (e.g., IL-1 beta) may precipitate seizures 
in the immature brain or in individuals who are genetically susceptible 
(Heida et al., 2009; Nakayama, 2009). 


Genetics and Febrile Seizures 


Febrile seizures are the result of a combination of genetic and envi- 
ronmental factors, with polygenic inheritance the most common means 
of inheritance. Epidemiologic studies have shown that 13-37 percent of 
children with febrile seizures have a family history of febrile seizures and 
4 percent have a family history of epilepsy (Offringa et al., 1994; Sadleir 
and Scheffer, 2007). In monozygotic twins, the concordance rate is higher 
(Corey et al., 1991; Tsuboi, 1987). 

Although specific susceptibility genes have not been identified in most 
patients with febrile seizures, several susceptibility loci that are inherited 
in an autosomal dominant fashion in certain families have been identified 
(Audenaert et al., 2006; Hedera et al., 2006; Johnson et al., 1998; Kugler 
et al., 1998; Nabbout et al., 2002; Nakayama et al., 2000, 2002, 2004; 
Peiffer et al., 1999; Poduri et al., 2009; Wallace et al., 1996). Other genetic 
factors have been implicated as a link between fever and susceptibility to 
seizures. Mutations in sodium channels (e.g., splice site variant SCN1A) 
and gamma aminobutyric acid A receptor genes have been identified in 
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children with febrile seizures (Petrovski et al., 2009; Sadleir and Scheffer, 
2007; Schlachter et al., 2009). 


Molecular Mimicry 


Molecular mimicry is sequence and/or conformational homology be- 
tween an exogenous agent (foreign antigen) and self-antigen leading to the 
development of tissue damage and clinical disease from antibodies and T 
cells directed initially against the exogenous agent that also react against 
self-antigen. Molecular mimicry as a mechanism that can cause pathologic 
damage and disease has been demonstrated in several animal models, most 
notably experimental allergic encephalomyelitis (EAE) in mice and rabbits 
(Oldstone, 2005). 


Evidence Needed to Conclude That Molecular Mimicry Is 
Operative in a Clinical Case or an Animal Model of Disease 


Essential to concluding molecular mimicry contributes to a clinical case 
or animal model of disease are the following: (1) a susceptible host whose 
genetic background and adaptive immune responses allows emergence of 
self-reactive immunity, (2) exposure to an exogenous agent which expresses 
antigens that are immunologically similar to self-antigen(s), and (3) a host 
immune response to the exogenous agent that cross-reacts with biologically 
relevant host tissue structures and causes tissue damage and clinical disease. 

Proving that a particular human autoimmune disease is due to molecu- 
lar mimicry is problematic (Albert and Inman, 1999; Rose and Mackay, 
2000). A realistic and consistent temporal relationship between exposure 
to exogenous antigen and development of disease must be documented. 
This can be difficult in the case of a natural exposure to pathogen where 
infection may have been subclinical, making it impossible to define an exact 
temporal relationship. 

Linear amino acid sequence homology or even similar conformational 
structure between an exogenous agent and a self-antigen alone are not suf- 
ficient to prove that molecular mimicry is the pathogenic mechanism for 
a disease. Many such homologies exist, and the vast majority of these are 
not associated with biologically relevant autoimmune phenomena or actual 
human disease (Albert and Inman, 1999). 

Finding a tissue-specific antibody response following exposure to an 
exogenous agent is also, by itself, not proof of molecular mimicry as the 
pathologic mechanism of disease (Albert and Inman, 1999). Both naturally 
occurring and postinfectious cross-reactive antibodies and T cells are rela- 
tively common and most frequently not pathogenic (Fujinami et al., 2006). 
Cross-reacting antibodies can also be secondary to nonspecific tissue injury 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


EVALUATING BIOLOGICAL MECHANISMS OF ADVERSE EVENTS 71 


(and to consequent expression of otherwise occult self-antigens) rather than 
primary to tissue injury itself. Moreover, in some circumstances, infection 
with viruses that express antigens having immunologic cross-reactivity with 
self-proteins can actually protect against autoimmune disease in certain 
animal models (Barnett et al., 1996; Fujinami et al., 2006). 

Neither the in vitro demonstration of cross-reacting antibodies nor 
T cell activation by antigen- MHC complexes proves pathogenic mimicry. 
An in vivo pathogenic autoimmune attack would also require the demon- 
stration of local binding of antibody with activation of the complement 
cascade, activation of the appropriate co-stimulatory T cell signals and 
cytokines, and/or involvement of other pathogenic effector mechanisms in 
a biologically relevant tissue site. 


Examples of a Natural Infection, Vaccine, or Drug Exposure Thought to 
Cause a Clinical Condition or Disease That Is Due to Molecular Mimicry 


While molecular mimicry is a well-established mechanism in selected 
animal models, its relevance to human autoimmune disease remains in most 
cases to be convincingly proven. Nevertheless, there is some experimental 
evidence (Albert and Inman, 1999; Fujinami et al., 2006; Rose and Mackay, 
2000) that suggests or implicates this mechanism in certain human autoim- 
mune diseases including (among others) 


e Rheumatic fever associated with group A streptococcal infection; 

e HLA B27-associated spondyloarthropathies and several antigens 
from Shigella, Yersinia, and Klebsiella bacteria; 

° Multiple sclerosis and exposure to several different viruses; 
Insulin-dependent diabetes mellitus and Coxsackievirus B4; and 
Demyelinating diseases and hepatitis B: 

° Amino acid homology between myelin basic protein (MBP) 
and hepatitis B virus polymerase (HBVP) has been reported 
(Fujinami and Oldstone, 1985). In addition, injection of a 
HBVP immunologic epitope shared with MBP into rabbits 
resulted in an EAE-like disease, antibodies against MBP, and 
T cell reactivity (Fujinami and Oldstone, 1985). However, in- 
fection with hepatitis B is not associated with the development 
of demyelinating diseases. Furthermore, the recombinant vac- 
cines contain hepatitis B surface antigen not hepatitis B virus 
polymerase. 


One example of molecular mimicry as the likely mechanism causing 


clinical autoimmune disease is found in the subtype of Guillain-Barré syn- 
drome (GBS) characterized by acute motor axonal neuropathy (AMAN). 
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Approximately one fourth of patients with GBS have had Campylobacter 
jejuni infection in the preceding few weeks, compared to only 1-2 percent 
of controls (Kuwabara et al., 2004; Rees et al., 1995b). C. jejuni infection 
is most highly correlated with AMAN, as opposed to the other subtypes of 
GBS (Griffin et al., 1996; Visser et al., 1995). 

In patients who develop AMAN subsequent to C. jejuni enteritis, IgG 
autoantibodies and complement are found bound specifically to GM1 gan- 
glioside in the axolemma membrane of peripheral nerves (Hafer-Macko 
et al., 1996; Solomon and Willison, 2003; Willison and Yuki, 2002). These 
patients often benefit from plasmapheresis, and their anti-GM1 autoan- 
tibody titers decrease as the clinical course improves (The Guillain-Barré 
Syndrome Study Group, 1985). By contrast, patients who develop C. jejuni 
enteritis not complicated by AMAN do not develop GM1 autoantibodies 
(Ogawara et al., 2000; Rees et al., 19952). 

GM1 ganglioside antigens in peripheral nerves are structurally identi- 
cal to the terminal tetrasaccharides of the GM1-like lipo-oligosaccharide 
(LOS) structures expressed on the surface of certain strains of C. jejuni 
bacteria isolated from patients with AMAN (Aspinall et al., 1994a,b; Lee 
et al., 2004; Prendergast et al., 1998; Yuki et al., 1993, 2004). This sug- 
gests that autoantibodies bound to neuronal gangliosides in AMAN may 
result from immunologic cross-reactivity with antigens from C. jejuni 
lipo-oligosaccharides. 

In the 1990s ganglioside preparations extracted from bovine brain 
tissue or isolated GM1 were occasionally used as therapeutic agents for 
various neurological disorders and some of these patients developed clinical 
AMAN with anti-GM1 IgG autoantibodies (Illa et al., 1995). 

The association of C. jejuni infection leading to anti-GM1 autoanti- 
body production and the cross-reactivity of those antibodies with nerve 
roots and clinical disease in vivo is further strengthened by development of 
a relevant animal model of the disease. Rabbits immunized with C. jejuni 
expressing GM1-like LOS surface structures develop high titers of anti- 
GM1 IgG antibody, flaccid limb weakness, and histopathologic features 
characteristic of AMAN (including IgG deposited on the axons of the 
ventral roots, internodal axolemmas, and nodes of Ranvier) (Moran et al., 
2005; Susuki et al., 2003, 2004; Yuki, 2005; Yuki et al., 2004). 


Adverse Events (AEs) on Our List Thought to Be Due to Molecular Mimicry 


Some of the vaccine AEs under consideration by our committee share 
symptoms with human autoimmune diseases for which molecular mimicry 
has been hypothesized (i.e., arthritis, systemic lupus erythematosus, insulin- 
dependent diabetes mellitus, central and peripheral nervous system de- 
myelinating diseases). However, the committee found little clinical evidence 
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(e.g., challenge/rechallenge), diagnostic evidence (e.g., presence of antigen 
or relevant immune complexes in affected tissue), or experimental evidence 
(e.g., in vitro evidence of cross-reactive T cells derived from a site of tissue 
injury) that could be consistent with the hypothesis of molecular mimicry 
in rare and selected case reports. For example, as will be discussed in sub- 
sequent chapters in more detail, Poirriez (2004) reported the absorption 
of antinuclear antibodies (ANAs), isolated from a single hepatitis B immu- 
nized patient who developed lupus, by highly concentrated vaccine antigen 
suggesting mimicry between vaccine antigen and self-antigen. There were 
no unimmunized ANA-positive or other controls tested in this study, and 
others have not reported this finding subsequently. Based on the literature 
reviewed, molecular mimicry was not confirmed to be a mechanism leading 
to the development of the adverse events postvaccination. 


Antigen Persistence 


During a typical immune response, the offending antigen is effectively 
removed or neutralized, which reduces the immune stimulation and ulti- 
mately results in a down-regulation of the immune response. In contrast, 
ongoing immune responses to persisting antigens can result in continuing 
inflammation and tissue damage, which may result in the release of self- 
peptide, and/or activation of previously tolerant autoreactive T cells. The 
duration of antigen persistence depends on several variables: (1) whether 
the antigen or antigenic determinants that activate the immune system are 
derived from a replicating pathogen or are from a transient or intermittently 
present non-replicating source; (2) the life cycle of the pathogen, assuming it 
is the source of the antigen or antigenic determinants; and (3) the anatomical 
and cellular (intracellular or extracellular) location of the antigen source. 


Examples of Natural Infection, Vaccine, or Drug Exposure Thought to 
Cause a Clinical Condition or Disease That Is Due to Antigen Persistence 


The best understood reason for antigen persistence is pathogen repli- 
cation. In many infections, the amount of pathogen-derived antigens often 
increases initially before decreasing as the pathogen is fully cleared by the 
immune system. In immunocompromised individuals, whether due to pri- 
mary (genetic) or secondary (acquired; e.g., via chemotherapy) etiologies, it 
is possible that pathogens, and therefore pathogen-derived antigens, persist 
longer or achieve higher levels than they would in immunocompetent indi- 
viduals. Regardless of the cause, the consequences of a reduced or delayed 
ability to eliminate a pathogen often, but not always, include more severe 
pathology at the target tissue or longer duration of illness. Some individuals 
may fail to eradicate the pathogen from their body. 
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Two other causes of antigen persistence are pathogen reactivation and 
persistent infection. Some pathogens persist within host cells without evok- 
ing immune responses, reemerging at a later time or creating a depot of 
antigen that may be released slowly over time. The mechanisms that control 
persistence, latency, and reactivation are the subject of active research at 
this time. 

Examples of antigen persistence secondary to persistent infection or 
viral reactivation include hepatitis B and varicella zoster virus, which are 
discussed later under those topics. A third example of infectious disease 
associated with antigen persistence is immune reconstitution inflammatory 
syndrome which is an escalating immune response to chronically persist- 
ing antigen in patients with human immunodeficiency virus (HIV) who 
are co-infected with mycobacteria, cytomegalovirus, Cryptococcus, herpes 
simplex virus, and so on. Symptoms of inflammatory disease develop after 
patients begin highly active antiretroviral therapy, which allows reconstitu- 
tion of the patient’s T cell function and subsequent immune reaction to the 
co-infecting agent. 


Evidence Needed to Conclude That Antigen Persistence Is 
Operative in a Clinical Case or Animal Model of Viral Infection 


Vaccine-derived antigens persist longer when the vaccine is a live, atten- 
uated virus. The vaccine virus, as an intact pathogen, is thought to persist in 
the host for several weeks, which is in contrast to the more transient pres- 
ence of split product, recombinant, or killed whole vaccines, which persist 
for a much shorter period of time. For the discussion of antigen persistence 
herein, please refer to the persistent viral infection and viral reactivation 
sections beginning on page 77. In a handful of cases, there was experi- 
mental or clinical evidence (e.g., in vitro evidence of cross-reactive T cells 
derived from a site of tissue injury) that is consistent with the hypothesis of 
antigen persistence. Based on the literature reviewed, antigen persistence is 
a possible mechanism leading to the development of a handful of adverse 
events postvaccination, but only for live virus vaccines. 


Epitope Spreading 


Epitope spreading is a process in which a T cell response that is ini- 
tially specific for one epitope spreads to unrelated epitopes. The initial 
immune response, such as a CD4 T cell response, is directed to one anti- 
gen. Chronic tissue destruction from the initial immune response results 
in production of additional epitopes that become targets for the immune 
response (Vanderlugt et al., 1998). The new targets are distinct from the 
original targets (Vanderlugt et al., 1998). Epitope spreading may result from 
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target antigens that complex with intracellular self-antigen. The result of 
this could be an autoimmune response that is initially triggered by the ex- 
ogenous antigen, but then progresses to a sustained autoimmune response 
against self-antigen (Davies, 2000). 


Autoreactivity/Bystander Activation/Hyperresponsiveness 


Autoreactivity can result from expression and immune recognition of 
self-antigens that have been modified by some extrinsic factor (e.g., bind- 
ing of a reactive chemical or viral element) so that they appear foreign to 
the immune system. The response to such neo-antigens would cease when 
the transforming agent is removed. Examples include drug modifications 
of normal proteins, hapten-carrier complexes, and oxidative modification 
of normal cellular constituents. 

In bystander activation, there is a robust or exaggerated immune re- 
sponse to an exogenous agent that induces local tissue inflammation and 
stimulation of otherwise normal unaffected cells. This inflammation can 
result in the release of normally sequestered self-antigens. The inflammation 
can result in nonspecific activation of previously dormant autoreactive Th1 
cells that then react against the newly released self-antigens. 


Increased Cytokines 


Cytokines are a group of molecules involved in intercellular communi- 
cation. They are classed together as lymphokines, interleukins, and chemo- 
kines, based on their function, cell origin, and target of action. When the 
innate immune system, the adaptive immune system, or both are respond- 
ing to a pathogen, cytokines activate immune cells to produce even more 
cytokines and alter function of resident cells in tissues. 

The cytokine milieu contributes to the differentiation of T cells to one 
or another subset. Excessive differentiation of T cells to one or another 
subset may impair the homeostatic and regulatory mechanisms that limit 
autoreactivity. 


Examples of Increased Cytokines 


Normally, the control of cytokine secretion is kept in check by regula- 
tory mechanisms. However, in some instances, the regulatory mechanisms 
break down and too many immune cells (including those of both the innate 
immune system and the adaptive immune system) are activated, resulting 
in local tissue and organ damage, and systemic symptoms. This kind of 
profound systemic oversecretion of cytokines is called cytokine storm. It 
may follow infection or other types of massive immune activation includ- 
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ing bacterial sepsis, avian influenza, acute respiratory distress syndrome, 
hemophagocytic lymphohistiocytosis, and macrophage activation syndrome 
(Sriskandan and Altmann, 2008; Szyper-Kravitz, 2009; Wong and Yuen, 
2006; Yokoyama et al., 2010). Increased levels of proinflammatory cyto- 
kines, or decreased secretion of anti-inflammatory cytokines, are found in 
the active phase of many of the above-mentioned conditions. 

Although the committee is not aware of reports of full-blown cytokine 
storm following administration of any of the vaccines reviewed, more subtle 
imbalances of proinflammatory and anti-inflammatory cytokines may occur 
following immunization against rubella, human papillomavirus, or hepa- 
titis B (Albarran et al., 2005; Garcia-Pineres et al., 2007; Pukhalsky et al., 
2003). Moreover, it is possible that the unique immunogenetic makeup of 
an individual might predispose that individual to an exaggerated cytokine 
imbalance following immune stimulation such as microbial infection or 
vaccine administration. 


Adverse Events on Our List Thought to Be Due to Increased Cytokines 


In review of the relevant literature related to the vaccine and AE com- 
binations considered by the committee, no evidence that directly or indi- 
rectly supports the oversecretion of cytokines as an operative mechanism 
was found. 


Superantigens 


Superantigens are determinants expressed by a microbe that can bypass 
T cell receptor signaling pathways and directly activate large numbers of T 
cells. An example would be TSS-A/B toxins in Staphylococcal and Strepto- 
coccal toxic shock syndromes. Superantigens can activate up to 20 percent 
of circulating T cells (Li et al., 1999). The committee found no evidence 
that supports superantigen stimulation of immune reactions as an operative 
mechanism in any of the vaccine adverse events under consideration. 


VIRAL ACTIVITY 


Viral infections cause a host of symptoms in affected individuals. Some 
of these symptoms are attributable to direct or primary infection, persistent 
viral infection, and viral reactivation. 


Direct or Primary Infection 


Primary infection with varicella, for example, results in varicella 
(chickenpox), manifesting as fever, malaise, listlessness, and a rash consist- 
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ing of vesicles, scabs, and maculopapules in varying stages of evolution 
(Whitley, 2010). Complications include secondary skin infections, myo- 
carditis, nephritis, pneumonia, central nervous system involvement (acute 
cerebellar ataxia, encephalitis), and bleeding diatheses (Whitley, 2010). 

Similarly, “[t]ransient polyarthralgia and polyarthritis [from rubella] 
rarely occur in children but are common in adolescents and adults, espe- 
cially females. Encephalitis (1:5,000 cases) and thrombocytopenia (1:3,000 
cases) are complications” (AAP, 2009c). 

The acute complications of measles infection include otitis media, 
croup, and pneumonia (Gershon, 2010). Approximately 1 of every 1,000 
individuals infected with measles virus develops acute encephalitits (AAP, 
2009b). Furthermore, “[d]eath, predominantly resulting from respiratory 
and neurologic complications, occurs in 1 to 3 of every 1,000 cases reported 
in the United States” (AAP, 2009b). 


Persistent Viral Infection 


Some viruses are capable of causing permanent, latent infection in 
nearly all individuals, the herpesviruses and retroviruses being the best- 
known examples. Reactivation, as discussed below, with production of new 
virus can occur with such latent viruses. 

With other viruses, some infected individuals are unable to clear the vi- 
ral infection. The classic example of persistent infection is hepatitis B virus 
(HBV). *More than 90 percent of infants infected perinatally will develop 
chronic HBV infection” (AAP, 2009a). Between 10 percent and 20 percent 
of children infected between 1 and 5 years of age become chronically in- 
fected, whereas approximately 5 percent of acutely infected adults develop 
chronic HBV infections (Koziel and Thio, 2010). Immunosuppressed pa- 
tients or patients with an underlying chronic illness who develop an acute 
HBV infection are at an increased risk of developing a chronic infection 
(AAP, 20092). It is important to note here, however, that the hepatitis B 
vaccine is not a live virus vaccine and so cannot infect recipients. 


Viral Reactivation 


Reactivation of infection can occur when the virus, following the acute 
infection, remains in a dormant or latent state somewhere in the body, 
where it can subsequently reemerge. Varicella zoster virus (VZV) establishes 
latency in the dorsal root ganglia, cranial nerve ganglia, and enteric ganglia 
during primary infection (Gershon et al., 2008). Reactivation results in 
herpes zoster (shingles), characterized by a unilateral eruption of vesicles 
with a dermatomal distribution, sometimes accompanied by pain localized 
to the area (Whitley, 2010). 
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Viral Activity Attributed to Vaccines Containing Live Attenuated Viruses 


Attenuated live viral vaccines such as the ones considered in this report 
(live attenuated influenza virus, cold-adapted influenza virus, VZV, MMR) 
can cause some of these same effects through the same mechanisms because 
the vaccines are live. As detailed further below, these effects occur most 
frequently in patients with impaired immunity. Varicella vaccine virus, 
which is distinct from the natural varicella virus, for example, has been re- 
covered from the bronchoalveolar lavage fluid and lung biopsy of immuno- 
compromised children who developed pneumonia and rash as a primary 
infection after receiving a varicella vaccine (Galea et al., 2008; Kramer 
et al., 2001; Levy et al., 2003; Sharrar et al., 2001; Waters et al., 2007). As 
examples of viral reactivation, children who had previously been vaccinated 
developed zoster and even encephalitis from which vaccine-strain virus was 
then recovered (Chan et al., 2007; Chouliaras et al., 2010; Iyer et al., 2009; 
Levin et al., 2003). Some, but not all, of these children were subsequently 
shown to be immunocompromised. The salient points in these examples 
are that the adverse effects observed are complications seen with natural 
infection and that the causal role of the vaccine virus was demonstrated by 
its isolation or identification by molecular techniques, typically from sites 
that are otherwise sterile. 


INJECTION-RELATED ADVERSE EVENTS 


One or more of the mechanisms described above could play a role in 
the development of many of the adverse events following vaccination re- 
viewed by the committee. However, mechanisms leading to three adverse 
events (complex regional pain syndrome, frozen shoulder, and syncope) 
were considered by the committee to be a potential adverse event of direct 
trauma from the needle occurring with various injected vaccines and not 
necessarily attributable to the contents of the vaccine. Mechanisms for these 
adverse events are described below. 


Complex Regional Pain Syndrome 


Chronic severe and often burning pain affecting part or all of one or 
more extremities following an injury defines complex regional pain syn- 
drome (CRPS). The pain is often accompanied by skin discoloration, local 
edema, fluctuation in skin temperature in the affected limb(s), allodynia 
(pain from stimuli that would not ordinarily be painful), and abnormal 
sweating (Bruehl, 2010). Mechanisms involving altered skin innervation, 
dysfunction of the sympathetic nervous system, local inflammation, and 
possible psychological factors have been purported to play a role in the 
development of CRPS. 
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Altered Skin Innervation 


The cascade of events leading to CRPS is widely considered to result 
from nerve trauma. Needle stick injuries to the distal nerves in rats resulted 
in reduction in sensory neuron density similar to findings in CRPS patients 
(Bruehl, 2010). In addition, lower densities of epidermal nerves and abnor- 
mal innervation around sweat glands and hair follicles have been reported 
in CRPS patients (Bruehl, 2010). 


Dysfunction of the Sympathetic Nervous System 


Skin discoloration and fluctuation in skin temperature in the affected 
region suggests the involvement of the sympathetic nervous system in CRPS 
(Bruehl, 2010). In some CRPS patients, increased sympathetic nervous 
system activity is associated with increases in spontaneous pain and hy- 
peralgesia (Bruehl, 2010). In addition, the expression of adrenergic recep- 
tors on pain fibers after trauma (in animal studies) provides a mechanism 
whereby sympathetic nervous system outflow could trigger a pain signal 
(Bruehl, 2010). 


Inflammation 


Improvement of symptoms in CRPS patients treated with corticoste- 
roids suggests inflammation as a contributing factor in the development 
of the acute phase of CRPS (Bruehl, 2010). Nerve injury could induce the 
release of proinflammatory cytokines and neuropeptides from nociceptive 
fibers (Bruehl, 2010). Increased levels of proinflammatory cytokines have 
been isolated from the serum, cerebrospinal fluid, and blister fluid of CRPS 
patients (Bruehl, 2010). Proinflammatory cytokines can contribute to the 
increased plasma loss, leading to localized edema (Bruehl, 2010). In ad- 
dition, certain major histocompatibility complexes have been reported to 
be expressed at significantly higher frequencies in CRPS patients, further 
supporting inflammation as a mechanism (Bruehl, 2010). 


Psychological Factors 


Initially CRPS, due to its poorly understood pathophysiology and un- 
usual symptomatology, was thought to be purely psychogenic (Bruehl, 
2010). While a purely psychogenic model is no longer considered, psycho- 
genic factors could play a role in the development of CRPS. Greater CRPS 
pain intensity was predicted by increased depression levels in a patient self- 
study (Bruehl, 2010). In addition, psychological stress in CRPS patients has 
been associated with altered immune function (Bruehl, 2010). Psychological 
factors could impact all of the implicated mechanisms. 
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Comprehensive Mechanism 


While the mechanisms purported to contribute to the development of 
CRPS are studied and discussed in isolation, it has been hypothesized that 
the mechanisms are interconnected (Bruehl, 2010). Studies testing this hy- 
pothesis have yet to be performed. 


Deltoid Bursitis 


Idiopathic- or injury-induced pain, stiffness, and restricted motion of 
the shoulder defines deltoid bursitis. The presentation of deltoid bursitis 
is comprised of shoulder pain and stiffness with restricted motion (Anton, 
1993). Pathologic examination has revealed an inflammatory process in the 
affected shoulder. Increased deposition of growth factors, matrix metallo- 
proteinases, and cytokines has been observed in capsular biopsy specimens 
from patients with deltoid bursitis (Brue et al., 2007; Dias et al., 2005). 
In addition, magnetic resonance imaging and arthrography have revealed 
abnormalities of the shoulder joint and synovial membrane, and thickening 
of the humeral ligament and joint capsule suggestive of inflammation (Brue 
et al., 2007). Although likely to be a rare event, direct trauma to the bursa 
from needle injury from the injected vaccine, independent of the contents 
of the needle, could lead to the activation and recruitment of inflammatory 
cells leading to the symptoms of deltoid bursitis. 


Syncope 


Loss of consciousness resulting from decreased blood flow to the brain 
is termed syncope. The pathogenesis of syncope varies depending on the 
precipitating event. Syncope resulting from pain or emotional triggers, for 
example the sight of blood or administration of a vaccine or treatment via 
an injection, is termed reflex syncope and more specifically vasovagal syn- 
cope (van Dijk et al., 2009). The pathophysiology of vasovagal syncope has 
not been fully delineated; however, manipulation of the blood flow by the 
autonomic nervous system is involved. The injection of the vaccine leads to 
an initial increase in stimulation of the sympathetic nervous system (Arthur 
and Kaye, 2000). The increase in stimulation of the sympathetic nervous 
system results in an increased heart rate and arterial pressure (Grubb, 
2005). The increased arterial pressure leads to the activation of barorecep- 
tors and transmission of afferent signals from the aortic arch via the vagus 
nerve resulting in stimulation of the parasympathetic nervous system and 
the development of nausea, vertigo, facial pallor, dizziness, and epigastric 
discomfort commonly experienced 30 to 60 seconds prior to the loss of con- 
sciousness (Fenton et al., 2000; Wieling et al., 2009). Physiologically, the 
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stimulation of the parasympathetic nervous system results in a decreased 
heart rate and arterial pressure leading to decreased blood flow to the brain 
and the loss of consciousness (Grubb, 2005). 


COAGULATION AND HYPERCOAGULABLE STATES 


Injury to the vessel wall, regardless of the type of injury, leads to the 
stimulation or activation of endothelial cells and platelets, and to the gen- 
eration of a thrombus or blood clot. In response to injury, both cell types 
increase expression of the adhesion molecule P-selectin on the cell surface 
(Green, 2006). Through interaction with P-selectin, neutrophils, mono- 
cytes, and platelets form a thrombus at the site of injury (Green, 2006). The 
interaction of additional proteins secreted from the injured endothelial cells 
and platelets enhance platelet-to-platelet aggregation, leading to the forma- 
tion of platelet-leukocyte aggregates that are favorable to fibrin formation 
(Green, 2006). 

The generation of fibrin results from a cascade of enzymatic reactions 
initiated upon injury to the vessel wall. A key component of this cascade is 
tissue factor (TF), which exists in a soluble form and as a transmembrane 
protein (Shantsila and Lip, 2009). TF is activated upon vessel wall injury 
and exposure to the subendothelial tissues to blood (Shantsila and Lip, 
2009). Monocytes are a major source of TF and can stimulate TF expres- 
sion by endothelial cells, thus increasing the supply of tissues expressing the 
factor (Shantsila and Lip, 2009). 

The aforementioned cascade is initiated upon the formation of com- 
plexes comprised of circulating factor VII and TF, leading to the activation 
of factor VII and the generation of factor VIa (Sidhu and Soff, 2009). TF- 
factor VIIa complexes continue the cascade, culminating in the generation 
of the serine protease thrombin (Green, 2006). Thrombin activates integrins 
(these mediate platelet aggregation and other factors of the coagulation cas- 
cade), and it further activates platelets leading to the production of platelet 
activators (Sidhu and Soff, 2009). In addition, thrombin cleaves fibrinogen 
to produce fibrin monomers (Sidhu and Soff, 2009). 

Monocytes, in addition to producing TF, contribute to prothrombotic 
effects via other mechanisms. Conjugation of monocytes with platelets in- 
duces the expression of integrins on monocytes, amplifying their interactions 
with platelets (Shantsila and Lip, 2009). During inflammation, stimulation 
of monocytes by T cells induces the expression of matrix metalloproteinases 
1 and 3, which are elements of plaque destabilization (Shantsila and Lip, 
2009). Monocytes can activate coagulation factor X, which is responsible 
for the generation of thrombin (Shantsila and Lip, 2009). 

A few proteins facilitate regulation of the coagulation cascade. Protein 
C, which circulates in the plasma, is activated by the serine protease throm- 
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bin and its cofactor thrombin-thrombomodulin (Rezaie, 2010). Activated 
protein C functions as an anticoagulant by proteolytically degrading proco- 
agulant cofactors essential for the generation of thrombin (Rezaie, 2010). 
The cofactor protein S enchances effects of activated protein C (Anderson 
and Weitz, 2010). In addition, the serine protease inhibitor antithrombin 
regulates the coagulation cascade by inactivating thrombin as well as other 
enzymes in the cascade (Rodgers, 2009). 

In individuals with inherited (e.g., antithrombin deficiency, Factor V 
Leiden) or acquired (e.g., obesity, pregnancy) hypercoagulable states, the 
function of the enzymes involved in the aforementioned coagulation cascade 
and its regulation are altered or deficient, leading to excessive coagulability 
(Anderson and Weitz, 2010). Excessive coagulation can contribute to the 
development of thrombosis, myocardial infarction, and stroke (Anderson 
and Weitz, 2010). 


INCREASED SUSCEPTIBILITY 


Both epidemiologic and mechanistic research suggest that most indi- 
viduals who experience an adverse reaction to vaccines have a preexisting 
susceptibility. These predispositions can exist for a number of reasons— 
genetic variants (in human or microbiome DNA), environmental exposures, 
behaviors, intervening illness, or developmental stage, to name just a few— 
all of which can interact as suggested graphically in Figure 3-1. 

Some of these adverse reactions are specific to the particular vaccine, 
while others may not be. Some of these predispositions may be detectable 
prior to the administration of vaccine; others, at least with current technol- 
ogy and practice, are not. Moreover, the occurrence of the adverse event is 
often the first sign of the underlying condition that confers susceptibility. 

The best-understood vaccine-associated adverse effect is the occurrence 
of invasive disease (such as meningoencephalitis and arthritis) caused by 
the vaccine virus itself in individuals with an acquired or genetic immuno- 
deficiency who receive live vaccines such as VZV, MMR, and oral polio 
vaccine. Although the incidence of such infections may decrease with the 
introduction of newborn screening for severe combined immunodeficiency, 
the occurrence of vaccine-related disease can be the trigger that leads to the 
recognition of immunodeficiency (Galea et al., 2008; Ghaffar et al., 2000; 
Kramer et al., 2001; Levy et al., 2003). Invasive disease may also occur 
by viral reactivation in individuals who previously received these vaccines 
while healthy, but who subsequently become immunocompromised, for 
example, as a result of chemotherapy should they later develop cancer or 
leukemia (Chan et al., 2007; Levin et al., 2003). Not all individuals who 
suffer invasive disease have demonstrated recognized immune deficien- 
cies, even when vaccine virus is recovered from the patient (Iyer et al., 
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FIGURE 3-1 Present and past environmental exposures. 


2009; Levin et al., 2008). This leads to two hypotheses: either immuno- 
competent individuals can acquire invasive disease from vaccine virus, or 
further evaluation of these patients would reveal previously unrecognized 
immunodeficiencies. 

Many adverse events appear to be immune-mediated. Anaphylaxis is an 
obvious example of this. In some patients who experience anaphylaxis, the 
triggering antigen can be identified with follow-up testing. Known trigger- 
ing antigens include egg and gelatin. But even when the triggering antigen 
such as egg or gelatin is known, it is not clear why some people develop 
anaphylaxis while the vast majority does not. Proposed mechanisms for 
other immune-mediated adverse responses are many, including molecular 
mimicry, development of immune complexes, inappropriate cytokine re- 
sponses, antigen persistence, and epitope spreading, as described above. 
Here, evidence of predisposing factors to adverse effects from vaccines is 
beginning to emerge. Some genetic variants that affect immune response 
have been identified. Reif et al. (2009) demonstrated that genetic variants 
in ICAM-1, CSF-3, and IL-4 are associated with more severe adverse effects 
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from the highly reactogenic vaccine for smallpox. Finally, rechallenge cases 
(those in which a person suffered a particular adverse event after each ad- 
ministration of the same vaccine) also suggest a role for an altered immune 
response. As noted above, much work remains to be done to elucidate and 
to develop strategies to document the immunologic mechanisms that lead 
to adverse effects in individual patients. 

Age can also affect susceptibility to adverse responses to vaccines be- 
cause physiological development, particularly of the immune and nervous 
systems, continues throughout much or all of life. Some hypothesize so- 
called critical periods in which adverse reactions to a range of exposures 
are more likely to occur (IOM, 2006). Young children are more likely than 
are older children to develop febrile convulsions (Waruiru and Appleton, 
2004). This type of rationale led the Japanese three decades ago to delay im- 
munization with whole cell pertussis vaccine until children reached 2 years 
of age (Gangarosa et al., 1998). Gender can also be a factor. Females, for 
example, experience less local reactogenicity than males to smallpox vac- 
cine (Talbot et al., 2004) but increased reactogenicity compared to males 
to anthrax vaccine (Pittman, 2002). 

In some metabolically vulnerable children, receiving vaccines may 
be the largely nonspecific “last straw” that leads these children to reveal 
their underlying genotype. It was recently discovered that a large major- 
ity of children who developed encephalopathy after receiving whole cell 
pertussis vaccine have mutations in SCN1A, which are associated with 
Dravet syndrome or severe myoclonic epilepsy of childhood (Berkovic 
et al., 2006; McIntosh et al., 2010). While it seems likely that the vaccine 
triggered symptoms in these children by causing high fever, the particular 
vaccine antigens do not appear to alter the course of the disease. Rather, 
the ensuing phenotype could and probably would have been precipitated 
by multiple other fever-inducing triggers (McIntosh et al., 2010; Wiznitzer, 
2010). Similarly, Yang et al. (2006) reported a series of seven cases in 
which children with undiagnosed or inadequately managed metabolic 
or endocrine disorders suffered acute metabolic crises within hours after 
administration of a variety of immunizations. Two of these children had 
adrenal hyperplasia and responded to administration of IV fluid and gluco- 
and mineralocorticoids. 

This list of factors that are known to confer susceptibility is by no 
means definitive or exhaustive. Rather, we hypothesize that continued 
study of alleged vaccine-related injuries, the committee informed by epi- 
demiologic studies that identify vulnerable populations and exploration of 
underlying mechanisms of susceptibility, will provide greater insight into 
these and other mechanisms and will identify more factors that contribute 
to vaccine susceptibility. 
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ALTERATIONS IN BRAIN DEVELOPMENT 


The committee was specifically tasked to assess the evidence that vac- 
cines could alter neuronal development, resulting in *secondary autism" or 
“autistic features” arising from chronic encephalopathy, mitochondrial dis- 
orders, or other underlying disorders.! Some theorize that vaccines can alter 
the development of the nervous system through inflammatory responses or 
hyperarousal of the immune system. Most certainly, scientific advances have 
shown commonalities in the development of and the signaling between the 
immune and nervous systems. 

Development of the human central nervous system is incompletely un- 
derstood, but certain principles are well established. Development occurs 
in a predictable sequence, and the earlier in the sequence, the more reli- 
ably certain events can be timed. For example, closure of the neural tube 
is always complete before 28 days gestation. Nutritional factors such as 
folic acid deficiency or exposure to toxins such as valproic acid during this 
“critical period” predictably produce neural tube defects. 

Nervous system development is under genetic control, and is incom- 
pletely understood, but it is clearly a highly complex process in which 
interactions with the environment beginning in the womb may modify the 
developmental process. Factors that may modify brain development include 
maternal, fetal, and infant nutrition; infection; toxins; vascular insults; di- 
rect trauma; and aspects of the social environment, in addition to mutations 
in critical genes regulating development. 

Development of the nervous system involves formation of the neural 
plate and tube, followed by proliferation of neuronal precursors, which 
must then migrate to their final positions in the nervous system where they 
establish functional connections with other neurons and glial cells. The 
neuronal elements ultimately interact to form functional neural circuits. 
Essentially all of the nerve fiber tracts comprising these circuits are present 
at birth, but they are not functionally active because the rate of conduc- 
tion in unmyelinated axons is slow. The process of myelination of fiber 
tracts occurs in an orderly sequence, most dramatically during the first few 
years of life, but continues on into the fourth decade. When a nerve fiber 
(axon) is ensheathed by myelin, the rate of impulse conduction accelerates 
dramatically, allowing neural circuits to become functionally active. In ad- 
dition, synapses (the connections that form neural circuits) continue to form 
at a variable rate that peaks in various parts of the brain at different, but 
predictable times. These neural circuits exhibit plasticity, and they underlie 
much of human behavior. The essential stimuli for neural development 





1The list of adverse events the committee was asked to consider by the National Vaccine In- 
jury Compensation Program can be found at: http://www.iom.edu/~/media/Files/Activity %20 
Files/Research/VaccineAdvEffectReview/Working-List-of-AEs-January-10.pdf. 
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need not be physical; social and emotional deprivation are well-recognized 
causes of impaired development. 

It is apparent that interruption of circuits at many different or distinct 
points may produce similar phenotypes. The mechanisms could be struc- 
tural, involving improper development or injury to axons, nerve bodies, or 
dendrites, or they could be functional, implying abnormalities of the neu- 
rotransmitters or their receptors through which neurons communicate with 
one another, or implying lack of appropriate stimulation of the otherwise 
normal circuits. The processes underlying such disruption may be genetic 
or acquired. 

It is important to bear in mind that genetic disorders need not be ex- 
pressed at birth. Gene expression is regulated throughout life and many 
genes are expressed selectively only at certain times in specific tissues. Cer- 
tain developmental sequences appear to be more or less rigidly encoded by 
the genome, whereas others are more plastic and amenable to environmen- 
tal influences. These variables are all relevant when considering patterns of 
both normal and abnormal brain development. 

Animal models have been most helpful in understanding disease pro- 
cesses affecting the brain, particularly when these are expressed as struc- 
tural or motor changes, or as seizures. Advances in molecular genetics have 
allowed genes to be knocked out completely, temporarily knocked down, or 
to create milder phenotypes (hypomorphs) by point mutations. Various ma- 
nipulations of gene function have led to a better understanding of complex 
gene-gene and genotype-phenotype interactions. Transgenic models, usually 
generated in mice, permit the study of human gene function, albeit in a 
different species. However, no animal embodies the repertoire of behaviors 
seen in the human, and in particular, no animal has language equivalent 
to that of the human. Although certain behaviors in animals have been 
compared to human phenotypes, the analogies are always imperfect and 
may be misleading. 


Autism 


The terms autism, autism spectrum disorder, and pervasive develop- 
mental disorder not otherwise specified embrace a diverse group of children 
with a common neurobehavioral phenotype, and the first term (autism) 
will be used to embrace all of these entities in the following discussion. 
The child psychiatrist Leo Kanner first coined this term in 1943; since that 
time, varying diagnostic criteria and concepts of autism have been pro- 
posed and accepted, and they continue to evolve. Currently, the Diagnostic 
and Statistical Manual of Psychological Disorders, fourth edition, text 
revision (DSM-IV-TR) defines the criteria most widely used to diagnose 
autism and autism spectrum disorders. The criteria require that children 
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show impairments in three domains: language, social interactions, and 
restricted interests or repetitive behaviors. Key features include the onset 
of the phenotype before the third year of life. In about one-third of cases, 
children who previously appeared to have been developing normally show 
evidence of regression. However, most of these children likely had not had 
prior expert evaluation. In the remaining majority of cases, development 
was never assessed as normal. 

Autism is a complex behavioral phenotype, whose neuropathological 
underpinnings are beginning to be understood. Several lines of evidence, in- 
cluding functional and structural imaging studies (Anagnostou and Taylor, 
2011) and neuropathology have pointed to abnormal patterns of neural 
connectivity as characteristic of autism spectrum disorders (Schipul et al., 
2011; Wass, 2011). The autism phenotype can be defined by a trained 
clinical evaluator using a variety of instruments (Dover and Le Couteur, 
2007), particularly the autism diagnostic observational schedule (ADOS) 
(Lord et al., 1989) and autism diagnostic index-revised, which are widely 
accepted as the standard for research studies. These instruments have been 
employed in many, but by no means all, studies of this syndrome. The 
specialized training required to administer ADOS testing is not universally 
available. The use of variable diagnostic criteria is a major challenge to 
interpretation of the burgeoning autism literature. This is particularly per- 
tinent when considering longitudinal trends, since differing criteria have 
been employed over time. Changes in diagnostic criteria, accompanied 
by increased social acceptance of this diagnosis, have paralleled marked 
increases in the number of children receiving this diagnostic label in recent 
years. It is also important to recognize that autism is frequently accompa- 
nied by comorbidities, such as abdominal symptoms, sleep disorders, and 
seizures, mood disorders, and aggressive disorders. 

Genetic variation accounts for many cases of autism; specific genes or 
genetic loci may be identified in up to 25 percent of patients with autism 
spectrum disorders (Eapen, 2011; Miles, 2011). Siblings of children with 
autism have a much higher rate of the disorder, with the highest rate seen 
in identical twins (Ronald and Hoekstra, 2011). Family members of chil- 
dren with autism have been found to have variants of expressive language 
suggesting some innate neurologic variant. Several single-gene disorders 
are associated with autism, including tuberous sclerosis complex, FMR-1 
(fragile X), dystrophinopathies, phenylketonuria, Rett disorder (MECP2 
mutations), Down syndrome, and oxidative phosphorylation defects (Miles, 
2011). The last mentioned, often referred to as mitochondrial diseases, are 
highly variable multisystem disorders whose complex phenotypes often 
encompass the autism spectrum (Frye and Rossignol, 2011). In other cases, 
linkage has been established with genes known to be crucial in modulating 
neural connectivity, such as neuroligins and neurexins (Sudhof, 2008). It 
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also appears that the developing brain, particularly early in pregnancy, is 
subject to environmental insults, including valproic acid and maternal ru- 
bella infection, which can result in autism and other developmental disabili- 
ties in the offspring (Landrigan, 2010). Such in utero exposures may act by 
altering the expression of genes regulating development of the nervous sys- 
tem (Dufour-Rainfray et al., 2011). These exposures are less likely to cause 
autism if experienced later in pregnancy, thus supporting the concept of 
windows of vulnerability. Maternal antibodies against fetal brain proteins 
may also be implicated in some cases, raising questions about the possible 
role of other immune factors such as cytokines (Goines and Van de Water, 
2010). There is a growing literature describing inflammatory changes in 
the autopsied brain in at least a portion of patients with autistic disorders 
(Pardo et al., 2005), although many of these signs of inflammation are also 
increased in many other neurodegenerative disorders. The etiology of most 
cases of autism spectrum disorders is still not understood. 

Because the timing of diagnosis or recognition of autism coincides with 
the administration of many vaccines, questions have been raised regarding 
potential etiologic relationship(s) between the two. There are several chal- 
lenges in interpreting existing data. Establishing a temporal relationship 
between a potential inciting event (such as vaccine administration) and 
the onset of autism is difficult because dating the onset of the syndrome in 
most cases is imprecise (although there is a subset of children with acute 
regression from reportedly normal development). Rechallenge data are not 
available, since most children do not rapidly (if ever) recover a normal 
developmental pattern following the onset of their symptoms. 

Establishing a mechanistic link is also challenging because it is not 
understood how known causes of autism lead to this phenotype. Several 
murine models of genetic disorders have autistic features, and although 
such models can never reproduce the complete human phenotype, they 
have added further evidence that disruption of the function of genes par- 
ticipating in brain development may lead to autism spectrum disorders (Ey 
et al., 2011). Infection of neonatal Lewis rats with Bornavirus (Hornig 
et al., 2001) has produced a behavioral phenotype with features equated to 
human autism. One fact of note is that postnatal infections with the vaccine- 
targeted infectious agents, including measles, mumps, and rubella, are not 
known to cause autism, although autistic features have been reported in 
children with congenital rubella syndrome (Chess, 1971); one study reported 
the use of mathematical modeling and epidemiological data to conclude that 
MMR immunization had been associated with prevention of substantial 
numbers of cases of congenital rubella syndrome and associated autism in 
the period 2001-2010 in the United States (Berger et al., 2011). There are 
reports of autistic syndromes acquired in children with acute encephalo- 
pathic illnesses. DeLong et al. (1981) described three such children, one of 
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whom had evidence of herpes simplex infection. The two children in whom 
the etiology of the episode was not discovered made complete recoveries. 
Additional reports described an autistic syndrome following herpes simplex 
encephalitis in a 14-year-old girl (Gillberg, 1986) and an 11-year-old boy 
(Ghaziuddin et al., 2002). The preceding cases were atypical in that the age 
of onset of autism was between 5 and 14 years; two children with peri- 
natal herpes simplex encephalitis experienced the onset of autism in early 
childhood (Ghaziuddin et al., 1992). Another series of 14 children with 
autism included three whose onset of symptoms closely followed episodes 
of malaria. However, given that malaria is common in Tanzania, where the 
series originated, this should not necessarily be regarded as evidence of a 
mechanistic relationship (Mankoski et al., 2006). A single report described 
a 9-year-old boy who exhibited changes of late-onset autism associated with 
anti-N-methyl-D-aspartate receptor antibody positive encephalitis; he recov- 
ered with monoclonal antibody therapy (Creten et al., 2011). 

The foregoing literature suggests that infectious or inflammatory eti- 
ologies may underly some cases of autism, although most of the cases de- 
scribed do not meet current diagnostic criteria for autistic disorder, owing 
to their late onset. Other studies have implicated dysfunction of the innate 
immune system in the genesis of some cases of autism. Vargas et al. (2005) 
described a unique pattern of inflammatory changes in brain tissue obtained 
at autopsy and in cerebrospinal fluid from living patients (Zimmerman 
et al., 2005) with established diagnoses of autism, using suitable controls 
and DSM-IV criteria. Herbert (2005) has suggested that the large brains 
often reported in children with autism in early life could be explained by 
inflammatory expansion of the white matter that could also contribute to 
abnormal central nervous system connectivity. The evidence supporting the 
concept of autism and a neuroimmune disorder has been reviewed recently 
(Theoharides et al., 2009). 

At a minimum, prior to ascribing autism to vaccination, it would be 
important to rule out known associations with this phenotype. These in- 
clude both macroscopic and microscopic structural abnormalities of the 
brain (Casanova, 2007), particularly minocolumnar architecture (Casanova 
and Trippe, 2009) as well as specific chromosomal and single-gene defects, 
including a variety of metabolic disorders and inflammatory or infectious 
antecedants. 


CONTRIBUTION OF ANIMAL MODELS 


Laboratory animals have been studied for decades as a means to under- 
stand both normal physiology and pathogenesis of diseases. Throughout 
this time, it has become apparent that animal models can be very useful, or 
alternatively noninformative, depending on the question being addressed. 
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Infections 


When an infectious organism invades and replicates within a non- 
human host, there are likely to be many similarities between the human 
and nonhuman host. In particular, antibody responses appear to be quite 
similar, often targeting the same antigenic epitopes of the infectious agent. 
Likewise, tissue and cellular antigenicity is often similar, so the pathogenic 
or protective potential of human antibodies can be ascertained in animal 
models. Cellular mechanisms of microbial control and eradication are also 
often similar, as are mechanisms of microbial evasion of host defenses. 

However, multiple differences in response to microbial infection be- 
tween humans and laboratory animals exist. One major issue in animal 
models of infection is that not all infectious organisms will infect all hosts; 
this is particularly an issue for viruses and other intracellular pathogens 
whenever cellular entry is generally achieved through a particular receptor 
that may be present in one species and not another. A second issue affecting 
the response to microbes is the expression of histocompatibility molecules 
in the infected animal. Histocompatibility molecules vary among species 
and among individuals of that species; they are expressed on almost all tis- 
sues and immune cells. If the histocompatiblity molecules can bind micro- 
bial antigens, an enhanced immune response to that microbe can develop. 
Laboratory studies usually focus on a particular strain of mouse or rat and 
therefore do not mimic the genetic diversity of the human population, either 
with respect to immune molecules such as histocompatibility molecules or 
with respect to other aspects of cellular metabolism. 

Any observations made in an animal model of infection need to be 
confirmed in the human host because of the differences between man and 
animal models discussed above. Nonetheless, animal studies provide the op- 
portunity to sample all body tissue and to ascertain the extent of microbial 
invasion and the cellular targets with likely correspondence to the human 
host. Studies of the immune response to microbial agents include vaccine 
studies that are also subject to the concerns discussed above. One frequent 
difference between vaccine studies in animals and humans is that vaccine 
studies in laboratory animals may include adjuvants that are not used in 
humans. 


Immune Response in a Host with a Preexisting Disease 


It is well established that individuals with abnormalities in immune 
function, either genetic or acquired, respond differently to microbial in- 
fection and to vaccines compared to the responses of healthy individuals. 
Several rodent models exist with genetically derived immunodeficiencies 
or autoimmunity. Some of these models mimic the human condition either 
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with respect to genetic lesions or with respect to mechanisms and/or pheno- 
types of disease. It is possible, therefore, to ask whether the genetic lesion 
or the ensuing disease process renders the host more (or less) susceptible 
to a particular antigenic challenge. Such studies can provide important 
information, which must be confirmed in humans. Again, an advantage of 
an animal model is that one can explore all tissues in the body, including 
those that are inaccessible to study in living humans. 


Relevance to Adverse Events Following Vaccination 


There are multiple uses of animal models in vaccine studies. It is pos- 
sible to study each tissue of the body for microbial invasion and microbe- 
induced or immune-mediated damage. Fukuda et al. (1994) determined 
in a hamster model of measles that the measles virus can replicate in the 
labyrinth, providing a potential explanation of the deafness that occurs 
with measles infection and providing a biologic mechanism for deafness fol- 
lowing vaccination with attenuated measles vaccine. The techniques used to 
show replication of measles virus in the labyrinth represent an advantage of 
animal models, as discussed above; techniques to show replication of mea- 
sles virus in the labyrinth will not be performed on living human patients. 

With animal models, it is possible to study whether particular genetic 
deficiencies or preexisting conditions attenuate, augment, or alter the im- 
mune response to infectious agents or microbial antigen, or whether the 
microbial or antigenic challenge exacerbates the preexisting condition or 
reveals otherwise unappreciated consequences of the genetic deficiency. 

It is possible to look for molecular mimicry between vaccine antigen 
and self-antigen, although mimicry at the antibody level is more likely to 
translate to the human situation than molecular mimicry at the T cell level 
due to the diversity of histocompatibility molecules. Should molecular 
mimicry be found in an animal model, it still needs confirmation in humans. 
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Measles, Mumps, and Rubella Vaccine 


INTRODUCTION 


Measles 


Measles is caused by a single-stranded, negative-sense nonsegmented 
RNA virus of the genus Morbillivirus and the family Paramyxoviridae 
that encodes at least eight structural proteins (Gershon, 2010a). The virus 
is easily inactivated by extremes of pH, heat, and sunlight (Strebel et al., 
2008). As the only natural hosts for the wild virus, humans transmit 
measles through aerosolized respiratory fluids or droplet nuclei (Babbott 
and Gordon, 1954; de Jong, 1965). 

The incubation period of the measles virus is 10 to 12 days (CDC, 
1998). The prodromal stage, during which the infected individual is most 
contagious, lasts 2 to 4 days and manifests as conjunctivitis, fever, malaise, 
and tracheobronchitis (Strebel et al., 2008). This period is followed by 4 
days of fever as high as 105°F (Strebel et al., 2008). Rash is preceded by 
Koplik’s spots that appear on the lining of the cheeks and lips and may 
persist for 1 to 2 days after the onset of rash (Strebel et al., 2008). The 
rash, which occurs 14 days after exposure, starts on the head and spreads 
to the trunk and extremities over 3 to 4 days, before fading (Strebel et al., 
2008). Individuals are infectious for as long as 4 days before and after the 
onset of rash (Strebel et al., 2008). 

Serious complications of measles include pneumonia, postinfectious en- 
cephalitis, subacute sclerosing panencephalitis (SSPE), and death (Johnson 
et al., 1984; Miller, 1987; Strebel et al., 2008). These complications are 
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associated with a fever lasting more than 2 days after the onset of rash 
(Strebel et al., 2008). Measles-related mortality is highest for infants, young 
children, and adults with decreased risk in older children and adolescents 
(CDC, 1998). Other complications include acute otitis media, appendicitis, 
hepatitis, myocarditis, and thrombocytopenia (Kempe and Fulginiti, 1965). 

Although recognized as a disease for approximately 2,000 years, the 
first major advance in the study of measles was in 1846 when Parnum ob- 
served measles cases in the Faroe Islands. Parnum confirmed the infectious 
nature of measles, defined the 2-week incubation period, and noted that 
individuals infected with measles did not become ill after subsequent expo- 
sure to the virus (Strebel et al., 2008). In 1954, Enders and Peebles propa- 
gated measles virus in human renal tissues (Enders and Peebles, 1954). 
Nine years later, in 1963, the first live, attenuated vaccine was licensed 
for use in the United States (Enders, 1962). The Edmonston B virus strain 
that was passaged at 35-36°C through primary renal cells, primary human 
amnion cells, and embryonic chicken cells a total of 59 times was used in 
many vaccines (Strebel et al., 2008). In 1965 and 1968, the Schwarz and 
Moraten (more attenuated strain derived from Ender’s attenuated Edmon- 
ston measles virus) strains were also licensed in the United States. These 
strains were developed from the Edmonston B strain and were passaged at 
32°C an additional 85 and 40 times, respectively (Strebel et al., 2008). The 
Schwarz and Moraten strains were shown to cause less severe and less fre- 
quent side effects (Andelman et al., 1963; Hilleman et al., 1968; Schwarz, 
1964; Schwarz and Anderson, 1965; Schwarz et al., 1967; Strebel et al., 
2008). Today, the only strain licensed in the United States is the more at- 
tenuated, live Ender’s Edmonston strain (Moraten strain) (CDC, 1998). 

Prior to the licensure of a measles vaccine, an average of 400,000 
measles cases were reported each year, although the actual incidence was 
estimated to be 3.5 million based on the size of the annual birth cohort, and 
the fact that nearly 100 percent of the population was infected during child- 
hood (CDC, 1998). With the licensure of the vaccine, the measles burden 
has been reduced by more than 99 percent, and in 1998, the Centers for 
Disease Control and Prevention (CDC) indicated that 95 and 98 percent 
of children vaccinated at age 12 and 15 months, respectively, developed 
measles antibodies (CDC, 1998). 


Mumps 


Mumps is an acute viral infection caused by an enveloped, negative- 
sense RNA virus of the genus Rubulavirus (Litman and Baum, 2010). The 
virus is composed of 15,384 nucleotides that encode seven genes, one of 
which is the SH protein that has been used to identify at least 12 mumps 
virus strains (Jin et al., 2000; Plotkin and Rubin, 2008). Mumps is transmit- 
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ted by direct contact with infectious respiratory secretions, droplet nuclei, 
or fomites that are then transferred to the nose and mouth (Litman and 
Baum, 2010). 

The average incubation period of the mumps virus is 16 to 18 days 
but can range from 2 to 4 weeks (Litman and Baum, 2010). Fifteen to 20 
percent of mumps infections are asymptomatic; 50 percent of cases have 
nonspecific symptoms such as anorexia, headache, fever, and malaise, or 
present primarily as respiratory infections; and only 30 to 40 percent dem- 
onstrate the classic salivary gland tenderness and enlargement (parotitis) 
(CDC, 1998). Asymptomatic infection is more common in adults, while 
parotitis occurs most often in children age 2 to 9 years (CDC, 1998). 
Children younger than 5 years old more commonly manifest symptoms 
of lower respiratory disease (Plotkin and Rubin, 2008). Complications of 
mumps infection are possible without the presence of parotitis. In 1958, 
Philip et al. (1959) observed testicular and mammary inflammation in 5 
percent of postpubertal men and 31 percent of women over 15 years of 
age. Pancreatitis occurs in 4 percent of cases, and although it has not been 
proven, evidence suggests an association between mumps infection and 
diabetes mellitus (Sultz et al., 1975). Neurological complications are more 
common in adults and occur three times more often in men than in women 
(Plotkin and Rubin, 2008). These complications include mumps meningitis, 
cerebellar ataxia, transverse myelitis and poliomyelitis-like disease, cranial 
nerve palsies, hydroencephalitis, and encephalitis, which occurs in less than 
0.3 percent of cases, but is responsible for more than 50 percent of mumps- 
related fatalities (Bray, 1972; Cohen et al., 1992; Kilham et al., 1949; 
Lahat et al., 1993; Oldfelt, 1949; Oran et al., 1995; Plotkin and Rubin, 
2008; Timmons and Johnson, 1970). Hearing loss due to infection of the 
endolymph is also a potential complication of mumps infection (Tanaka 
et al., 1988). Short-term, high-frequency deafness occurs in approximately 
4 percent of mumps cases, and permanent hearing loss occurs in only 1 per 
20,000 cases and is usually unilateral (Litman and Baum, 2010; Plotkin and 
Rubin, 2008). Mumps arthropathy, more common in men than women, oc- 
curs most often in young adults (Plotkin and Rubin, 2008). It may manifest 
as arthralgias, polyarticular migratory arthritis, and monoarticular arthritis 
(Gordon and Lauter, 1984; Harel et al., 1990). Myocarditis is rare and gen- 
erally self-limited, although some fatal cases have been reported (Chaudary 
and Jaski, 1989; Roberts and Fox, 1965). 

Johnson and Goodpasture (1934) identified the causative agent of 
mumps in 1934, and in 1945 Habel and Enders successfully cultivated the 
virus in chick embryos (Enders, 1946; Habel, 1945). The first inactivated 
mumps vaccine was developed in 1946 and tested in humans in 1951 
(Habel, 1946, 1951). The first live, attenuated vaccine was developed in 
the 1960s in the United States and former Soviet Union (Plotkin and Rubin, 
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2008; Weibel et al., 1967). In the United States, mumps vaccines are manu- 
factured using the Jeryl Lynn strain mumps virus that was isolated from 
the throat of Jeryl Lynn Hilleman in the 1960s (Plotkin and Rubin, 2008). 
The vaccine is currently licensed in the mono-, tri-, and tetravalent forms, 
although the monovalent, Mumpsvax (Merck and Co., Inc.), is no longer 
available in the United States. 

Prior to the licensing of a live-attenuated mumps vaccine, mumps 
outbreaks occurred every 2 to 5 years, with peak incidence from January 
through May (Anderson and Seward, 2008; Litman and Baum, 2010). Since 
the introduction of the vaccine, the incidence of mumps infection has been 
reduced greatly, evidenced by a 99 percent decrease in mumps infection 
from 1968 to 1995 (CDC, 1998). 


Rubella 


Rubella, also known as German measles, is caused by an enveloped, 
positive-sense RNA togavirus of the genus Rubivirus (Gershon, 2010b). 
The rubella virus genome consists of approximately 9,800 nucleotides, and 
the virus can be divided into two clades and at least seven genotypes (Zheng 
et al., 2003). Maturing by budding from the cell membrane (Murphy et al., 
1968), rubella virus is relatively unstable and vulnerable to chemical in- 
activation, extremes of pH and heat, lipid solvents, and ultraviolent light 
(Gershon, 2010b). 

Rubella is spread through contact with infectious respiratory secre- 
tions, and replication occurs in the nasopharynx of the infected individual 
(Plotkin and Reef, 2008). Rubella infections are subclinical in 25 to 50 per- 
cent of cases (CDC, 1998). In those cases in which clinical illness develops, 
the beginning of the 12- to 23-day incubation period is largely asymptom- 
atic (CDC, 1998; Plotkin and Reef, 2008). By the end of the second week 
virus can be isolated from the blood and symptoms of conjunctivitis, low- 
grade fever, lymphadenopathy, and malaise are present (Plotkin and Reef, 
2008). A rash follows spreading downwards from the face before fading 
within 1 to 3 days (Plotkin and Reef, 2008). Rubella illness in a child or 
adult is usually benign although arthritis and arthralgia has been observed 
in association with viral replication in the synovial cavity of the joints 
(Plotkin and Reef, 2008). Other complications of rubella include encepha- 
litis, Guillain-Barré syndrome (GBS), progressive rubella panencephalitis, 
and thrombocytopenia (Gershon, 2010b; Plotkin and Reef, 2008). 

Rubella virus infection during pregnancy can lead to congenital rubella 
infection in neonates. The disease outcome is directly correlated to the age 
of the fetus at the time of infection with younger fetuses experiencing more 
severe disease (Gershon, 2010b). Infections within the first 2 months of 
pregnancy can cause multiple congenital defects or spontaneous abortion in 
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65 to 85 percent of women (Gershon, 2010b). Infections in the third month 
and fourth month are associated with a single defect in 30 to 35 percent and 
10 percent of cases, respectively (Gershon, 2010b). Commonly associated 
defects include transient thrombocytopenia purpura and meningoencepha- 
litis, as well as permanent and developmental manifestations such as hear- 
ing loss, pulmonic stenosis, mental retardation, and behavioral disorders 
(Gershon, 2010b). Other less common manifestations include myocardial 
abnormalities, hepatitis, and seizure disorders (Gershon, 2010b). Studies 
have also shown that diabetes mellitus occurs 50 times more frequently in 
children with congenital rubella, and insulin-dependent diabetes has been 
reported in 40 percent of adults who were congenitally infected with rubella 
during the 1942 rubella epidemic (Gershon, 2010b). 

Clinically described as early as the 1700s, rubella was considered a dis- 
ease of children and young adults and was given little attention until 1941 
when Gregg discovered an association between maternal rubella infection 
and congenital cataracts (Gregg, 1941). Parkman and colleagues and Weller 
and Neva isolated the causative agent of rubella in 1962 (Parkman et al., 
1962; Weller and Neva, 1962). By 1970, three rubella virus strains were 
licensed for use in vaccines in the Untied States: Cendehill (grown in rabbit 
kidney), HPV-77 (grown in dog kidney), and HPV-77 (grown in duck em- 
bryo) (HPV-77DE) (Hilleman et al., 1969; Meyer et al., 1969; Prinzie et al., 
1969). HPV-77DE was used as the rubella component of the first MMR 
vaccine, but was later replaced with RA 27/3 after studies showed RA 
27/3 induced higher antibody levels, more persistent seropositivity, more 
resistance to reinfection, and greater herd immunity (Fogel et al., 1978; 
Gershon et al., 1980; Klock and Rachelefsky, 1973). Today, RA 27/3 is the 
only rubella virus strain available for use in vaccines in the United States. 


Measles-, Mumps-, and Rubella-Containing Vaccines 


In the United States, measles, mumps, and rubella (MMR) vaccine is 
a live, attenuated virus vaccine and is manufactured by Merck & Co., Inc. 
Although Merck is licensed to produce monovalent measles, mumps, and 
rubella vaccines—Attenuvax, Meruvax, and Mumpsvax, respectively— 
currently, these vaccines are no longer available in the United States. The 
combination vaccine, M-M-R II (Merck), contains greater than 1,000 TCID,, 
of a more attenuated line of measles virus derived from Ender's attenuated 
Edmonston strain, greater than 12,500 TCID,, of Jeryl Lynn mumps virus, 
and greater than 1,000 TCID,, of Wistar Institute RA 27/3 rubella virus, in 
addition to sorbitol, sodium phosphate, sucrose, sodium chloride, hydrolyzed 
gelatin, human albumin, fetal bovine serum, and neomycin (Merck & Co., 
Inc., 2007). The vaccine does not contain a preservative. In 2005 the Food 
and Drug Administration (FDA) licensed the tetravalent measles, mumps, 
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rubella, and varicella (MMRV) vaccine, ProQuad (Merck). ProQuad contains 
greater than 3.0 log,, TCID,, of a more attenuated line of measles virus 
derived from Ender’s attenuated Edmonston strain, greater than 4.3 log,, 
TCID,, of Jeryl Lynn mumps virus, greater than 3.0 log,, TCID;, of Wistar 
Institute RA 27/3 rubella virus, and greater than 3.99 log, plaque-forming 
units (PFUs) of Oka/Merck varicella zoster virus (VZV)—the equivalent to 
that found in varicella virus vaccines (see Chapter 5) (Merck & Co., Inc., 
2009). ProQuad also does not contain a preservative. 

The Advisory Committee on Immunization Practices (ACIP) recom- 
mends that all children receive two subcutaneous doses of the MMR or 
MMRYV vaccine without preference. The first dose is scheduled between 12 
and 15 months of age and is followed by a second dose between 4 and 6 
years of age prior to kindergarten or first grade. The ACIP also recommends 
that adults born after 1956 and all women of childbearing age who are not 
pregnant receive at least one dose of the MMR vaccine in the absence of 
prior immunity (CDC, 1998). The vaccine is contraindicated in those with 
hypersensitivity to any component of the vaccine including gelatin, preg- 
nant women, those with allergies to neomycin, febrile respiratory illness or 
other active febrile infection, and the immunosuppressed. According to the 
National Immunization Survey, from 2005 to 2009 more than 90 percent of 
children aged 19 to 35 months had received at least one dose of the MMR 
vaccine (CDC, 2010). 

The committee focused on virus strains used in licensed U.S. vaccines. 
On occasion, the committee reviewed other virus strains that were suffi- 
ciently similar to U.S. strains. This will be noted in the text. The committee 
was not charged with reviewing the MMRV vaccine. 


MEASLES INCLUSION BODY ENCEPHALITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of measles inclusion body encephalitis after the administration 
of MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and measles inclusion body 
encephalitis. 
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Mechanistic Evidence 


The committee identified five publications reporting measles inclu- 
sion body encephalitis after the administration of measles or MMR vac- 
cine. Freeman et al. (2004) and Kim et al. (1992) demonstrated wild-type 
measles virus in their patients. These cases did not contribute to the weight 
of mechanistic evidence. 

Described below are three publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Bitnun et al. (1999) describe a 21-month-old boy presenting with sta- 
tus epilepticus, fever, irritability, and vomiting 9 months after receiving an 
MMR containing the Moraten strain of measles. Serology was positive for 
antimeasles IgM and IgG; the cerebrospinal fluid (CSF) was not positive 
for these antibodies. The patient died when ventilatory support was with- 
drawn 51 days after admission. Evaluation of the patient’s immune system 
revealed depressed proliferative responses to mitogens and antigens and de- 
pressed CD8 cell numbers. Measles hemagglutinin and matrix proteins were 
observed by immunohistochemical staining performed on biopsied brain 
tissue. Furthermore, intracytoplasmic and intranuclear inclusions with the 
appearance of paramyxovirus neucleocapsids were revealed by electron 
microscopy. Reverse-transcription polymerase chain reaction (RT-PCR) am- 
plified measles RNA from the patient’s brain tissue. PCR analysis of the N 
gene and sequence analysis of the F gene from viral material isolated in the 
biopsied brain tissue was identical to the Moraten measles vaccine strain. 

Baram et al. (1994) describe a 22-month-old girl who presented with 
focal and generalized myoclonic seizures, clumsiness, falling, head drop, 
and right arm jerk 4 months after receiving a measles, mumps, and rubella 
vaccine. The patient’s history included a febrile illness with rash at the 
age of 5 weeks. The patient died of aspiration pneumonia at 25.5 months 
of age, 3.5 months after the onset of symptoms. Upon autopsy, inclusion 
bodies were identified and found to contain helical nucleocapsid tubules. 
Measles virus was amplified, by PCR, from the patient’s brain. 

Poon et al. (1998) described a 2-year-old boy, diagnosed with human 
immunodeficiency virus (HIV), presenting with generalized convulsive sei- 
zures lasting 40 minutes 9 months after receiving a measles, mumps, and 
rubella vaccine. Despite treatment the patient continued to develop partial 
and generalized seizures. The patient presented with a fever, lymphade- 
nopathy, hepatosplenomegaly, and delayed language and motor skills upon 
physical and developmental examination. Tests were negative for herpes 
simplex virus, cytomegalovirus, respiratory syncytial virus, Toxoplasma, 
and cryptococal organisms. The patient died 4 months after admission for 
pneumonia. Electron microscopic observation of a fine-needle aspiration 
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biopsy of the right temporal region showed intranuclear inclusions cor- 
responding to the configuration and size of measles virus. 


Weight of Mechanistic Evidence 


Measles inclusion body encephalitis is a complication of wild-type mea- 
sles infection that develops months to years after the initial acute measles 
infection (Reuter and Schneider-Schaulies, 2010). Furthermore, measles 
inclusion body encephalitis is confined to immunodeficient patients and 
is inevitably fatal (Reuter and Schneider-Schaulies, 2010). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

In addition, the three publications described above presented clinical 
evidence sufficient for the committee to conclude the vaccine was a contrib- 
uting cause of measles inclusion body encephalitis after administration of a 
measles-containing vaccine. The publications reported either intranuclear 
inclusions corresponding to measles virus or the isolation of measles virus 
from the brain; vaccine strain measles virus was identified by PCR in one 
publication. 

The latencies between vaccination and the development of measles in- 
clusion body encephalitis in the publications described above were 4 and 9 
months, suggesting persistent viral infection as the mechanism. Direct viral 
infection may also contribute to the symptoms of measles inclusion body 
encephalitis; however, the publications did not provide evidence linking this 
mechanism to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the measles vaccine and measles inclusion body 
encephalitis in individuals with demonstrated immunodeficiencies 
as strong based on one case presenting definitive clinical evidence. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the mumps or rubella vaccine and measles inclu- 
sion body encephalitis as lacking. 


Causality Conclusion 


Conclusion 4.1: The evidence convincingly supports a causal re- 
lationship between MMR! vaccine and measles inclusion body 
encephalitis in individuals with demonstrated immunodeficiencies. 





1The committee attributes causation to the measles component of the vaccine. 
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ENCEPHALITIS AND ENCEPHALOPATHY 


Epidemiologic Evidence 


The committee reviewed 13 studies to evaluate the risk of encephalitis 
or encephalopathy after the administration of measles or MMR vaccine. 
Nine studies (Bino et al., 2003; D’Souza et al., 2000; Fescharek et al., 1990; 
Katz, 1969; Landrigan and Witte, 1973; Patja et al., 2000; Stetler et al., 
1985; Vahdani et al., 2005; Weibel et al., 1998) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. One 
controlled study (Griffin et al., 1991) had very serious methodological limi- 
tations that precluded its inclusion in this assessment. The study by Griffin 
et al. (1991) was unable to find any cases of encephalopathy following 
MMR immunization, so no conclusions could be drawn from this analysis. 

The three remaining controlled studies (Makela et al., 2002; Ray et al., 
2006; Ward et al., 2007) contributed to the weight of epidemiologic evi- 
dence and are described below. 

Makela et al. (2002) conducted a retrospective cohort study in 535,544 
children (1 to 7 years of age) who received an MMR vaccination in Finland 
from November 1982 to June 1986. Vaccination data were collected from a 
National Public Health Institute cohort that included the child's social secu- 
rity number, age at vaccination, and the year and month of vaccination. The 
nationwide hospital discharge register was linked to the vaccination data 
using the social security number of each child. The investigators reviewed 
the hospital discharge register for cases of encephalitis or encephalopathies 
(referred to as encephalitis) following vaccination; records with a defined 
cause unrelated to vaccination were excluded. Cases of encephalitis that 
occurred within 3 months of vaccination were validated with information 
from the patients’ medical records and the exact dates of vaccination were 
verified. The number of events observed within the 3-month postvaccina- 
tion risk period was compared to the events observed during the control 
period, which was defined as subsequent 3-month postvaccination intervals 
until 24 months was reached. A total of 199 children were hospitalized for 
encephalitis during the study period; 9 occurred within 3 months of MMR 
vaccination, 110 occurred after the 3 months following vaccination, and 80 
occurred before MMR vaccination. The analysis did not find an increase 
of encephalitis hospitalizations within 3 months of vaccination (p = .28). 
The authors concluded that MMR vaccination does not increase the risk 
of encephalitis in children. 

Ray et al. (2006) conducted a case-control study in children (0 to 6 
years of age) enrolled in four health maintenance organizations (HMOs) 
participating in the Vaccine Safety Datalink (VSD) from January 1981 
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through December 1995. The cases were defined as patients hospitalized 
with a primary or secondary diagnosis of encephalopathy, encephalitis, or 
Reye syndrome, and who were enrolled in the HMO at least 60 days be- 
fore hospitalization (or since birth for patients under 60 days of age). The 
medical records of all cases were reviewed by a neurologist, who was blind 
to vaccination status, to confirm patients met the case definition. A total 
of 452 encephalopathy cases were identified and categorized according to 
whether the encephalopathy etiology was known, unknown, or suspected 
but unconfirmed. One to three controls were matched to each case on age 
(within 7 days), sex, HMO location, and length of enrollment in the HMO. 
Vaccination histories were obtained from the medical records and stratified 
into time windows; the cases and controls had similar vaccination rates. 
Odds ratios were calculated for MMR vaccination within the specified 
time windows and included all cases, cases with unknown or suspected but 
unconfirmed diagnoses, or cases with only suspected but unconfirmed diag- 
noses. None of the comparisons found a statistically significant increase in 
risk, meaning all 95% confidence intervals (CIs) for odds ratios included 1. 
In fact, most of the point estimates of the odds ratios in these comparisons 
were less than 1. The highest odds ratio point estimate was 1.23 (95% CI, 
0.51—2.98) for cases of unknown or suspected encephalopathy within 90 
days of MMR vaccination. The authors concluded that MMR vaccination 
is not associated with an increased risk of encephalopathy owing to the 
absence of a consistent time association between vaccination and encepha- 
lopathy onset. 

Ward et al. (2007) conducted a self-controlled case series study in 
children (2 to 35 months of age) residing in the United Kingdom or Ireland 
between October 1998 and September 2001. MMR vaccines with the Jeryl 
Lynn or RIT 4385 mumps component, and Moraten or Schwarz measles 
component were in use during the study period. The British Pediatric 
Surveillance Unit distributed monthly surveillance surveys to pediatricians 
in order to identify children with encephalitis, or suspected severe illness 
with fever and seizures. The questionnaires were reviewed by a physician 
to confirm patients met the case definition of severe neurologic disease 
(encephalitis or febrile seizures). Vaccination histories of confirmed cases 
were obtained from the child’s general practitioner by the Immunization 
Department, Health Protection Agency, Centre for Infections, London. 
The risk periods considered were 6-11 days and 15-35 days after MMR 
vaccination; each child was categorized as having been vaccinated or un- 
vaccinated, and with disease or without disease based on dates of vaccine 
administration and disease episodes during these time periods. A total of 
107 children (12 to 35 months of age) with confirmed severe neurologic 
disease were included in the analysis for MMR vaccine. The relative risk of 
severe neurologic disease within 6 to 11 days after MMR vaccination was 
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5.68 (95% CI, 2.31-13.97) and within 15 to 35 days after MMR vaccina- 
tion was 1.34 (95% CI, 0.52-3.47). While a significant increased risk of 
disease was observed during the 6 to 11 day postvaccination period, three 
of the six cases received MMR and meningococcal C conjugate vaccine on 
the same day, and four of the six cases reported complex febrile seizures 
combined with encephalopathy. The authors concluded that administration 
of MMR vaccine is associated with an increased risk of severe neurologic 
disease within 6 to 11 days of vaccination, but attributed the risk to the 
inclusion of cases with complex febrile seizures. Furthermore, the study 
included two vaccine formulations, one of which is not available in the 
United States, and the association of these vaccines with encephalitis was 
not analyzed separately. 


Weight of Epidemiologic Evidence 


Two of the three studies detailed above showed no significant increased 
risk of encephalopathy after MMR vaccination. Makela et al. (2002) found 
only 9 of the 199 cases were diagnosed within their defined risk period of 
0-3 months, a rate no higher than during the control periods of this cohort 
study. All control periods were after vaccination, which weakens the results 
of this study. Of the three studies, the study by Ray et al. (2006) investigated 
the largest number of cases with 452 that were then matched to controls, 
and was the only study judged to have negligible limitations. The authors 
considered different risk intervals and different categories of diagnosis but 
did not find evidence of an increased risk. The last paper by Ward et al. 
(2007) showed a significant increase of neurologic disease—but the illnesses 
were predominantly complex febrile seizures with recovery except in one 
patient, not other forms of encephalopathy (the association of MMR vac- 
cination and seizures is discussed in a subsequent section). The study also 
combined assessments for two vaccine formulations, one of which is not 
available in the United States. Thus, two of the three studies—of which only 
one had negligible limitations—found no association between MMR vac- 
cine and encephalitis or encephalopathy. A third study did find an increase 
in risk, but the association was with febrile seizures, which are arbitrarily 
discussed in another section of the report. See Table 4-1 for a summary of 
the studies that contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on three studies that lacked validity and precision to 
assess an association between MMR vaccine and encephalitis or 
encephalopathy. 
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Mechanistic Evidence Regarding Encephalitis 


The committee identified 18 publications reporting encephalitis or 
meningoencephalitis after the administration of vaccines containing mea- 
sles, mumps, and rubella alone or in combination. Mustafa et al. (1993) 
described one case of encephalitis developing after administration of a 
MMR vaccine; however, wild-type measles virus was demonstrated in the 
patient. Fourteen publications did not provide evidence beyond tempo- 
rality (Ehrengut and Zastrow, 1989; Fescharek et al., 1990; Forster and 
Urbanek, 1982; Jagdis et al., 1975; Jorch et al., 1984; Kumar et al., 1982; 
Landrigan and Witte, 1973; Pollock and Morris, 1983; Ross and Yeager, 
1977; Schneck, 1968; Schuil et al., 1998; Shuper, 2011; Wiersbitzky et al., 
1992b, 1993a). In addition, five publications reported concomitant infec- 
tions that could contribute to the development of symptoms (Ehrengut and 
Zastrow, 1989; Forster and Urbanek, 1982; Jorch et al., 1984; Wiersbitzky 
et al., 1992b, 1993a). These publications did not contribute to the weight 
of mechanistic evidence. 

Described below are three publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Bakshi et al. (1996) described a 16-month-old boy presenting with a 
focal seizure on the right side and left hemipareses and a left gaze preference 
5 months after receiving a measles, mumps, and rubella vaccine and 3 days 
after undergoing bone marrow transplantation. The patient was adminis- 
tered the vaccine prior to being diagnosed with sickle cell trait and a severe 
combined immunodeficiency. Serum and CSF were negative for bacteria and 
fungi. Mumps virus was demonstrated in the urine, serum, and CSF. The 
patient was diagnosed with meningoencephalitis and died 2 months after 
the onset of symptoms. Pathological examination of the leptomeninges 
showed chronic and focally prominent meningitis. 

Lacroix et al. (1995) describe a 5-year-old acquired immune deficiency 
syndrome (AIDS) patient presenting with fever, generalized seizures, and 
the inability to stand or walk approximately 2 years after vaccination 
against measles. The patient died months after presenting with neurologi- 
cal symptoms. Retrospective serum analysis showed measles antibody prior 
to vaccination. Viral cultures of brain samples were negative for measles 
virus. Frozen sections of basal ganglia, frontal cortex, and white matter 
were stained with antibodies against measles virus indicating the presence 
of measles virus in the brain. 

Valmari et al. (1987) described a 7-year-old girl presenting with vomit- 
ing, headache, twitching of upper extremities, followed by coma lasting for 
several hours 54 days after receiving a measles, mumps, and rubella vac- 
cine containing the Moraten measles strain and 5.5 years after receiving a 
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measles vaccine containing the Schwarz measles strain. On the day the mea- 
sles, mumps, and rubella vaccine was administered the patient complained 
of back pains leading to a diagnosis of acute lymphoblastic leukemia 23 
days after vaccination. The patient presented with the symptoms described 
above 1 day after the fourth methotrexate treatment. Treatment with acy- 
clovir was started and the patient seemed to improve. Measles virus was 
demonstrated in the CSF. The patient experienced a recrudescence of the 
neurological symptoms 58 days postvaccination and fever, photophobia, 
conjunctival inflammation, and a maculopapular rash 63 days postvaccina- 
tion. Measles virus was demonstrated in the CSF again. 


Weight of Mechanistic Evidence 


Encephalitis is considered a complication of infection with wild-type 
measles, mumps, and rubella viruses (Gershon, 2010a,b; Litman and Baum, 
2010). Encephalitis develops in 1:1,000 to 1:2,000 patients infected with 
measles virus (Gershon, 2010a). In addition many patients upon recovering 
suffer from neurologic sequelae (Gershon, 2010a). Encephalitis develops in 
1:400 to 1:6,000 patients infected with mumps virus (Litman and Baum, 
2010). In patients developing early-onset encephalitis upon infection with 
mumps virus, the damage to the neurons is by direct viral invasion (Lit- 
man and Baum, 2010). In patients infected with rubella virus, encephalitis 
develops in 1:5,000 patients (Gershon, 2010b). The committee considers 
the effects of natural infection one type of mechanistic evidence. 

The three publications described above, when considered together, 
did not present evidence sufficient for the committee to conclude the vac- 
cine may be a contributing cause of encephalitis after administration of a 
measles or MMR vaccine. The patients described in the cases above had 
demonstrated immunodeficiencies. The publications presented evidence of 
the detection of viral antigens on frozen sections or the isolation of mumps 
or measles virus from the patients. However, the authors did not identify 
the virus as vaccine strain. 

The latency between vaccination and the development of encephalitis in 
the publications described above ranged from 5 months to 2 years, suggest- 
ing persistent viral infection as the mechanism. Direct viral infection and 
viral reactivation may contribute to encephalitis; however, the publications 
did not provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between MMR vaccine and encephalitis as weak based on 
knowledge about the natural infection and three cases. 
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Causality Conclusion 


Conclusion 4.2: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and encephalitis. 


Mechanistic Evidence Regarding Encephalopathy 


The committee identified 11 publications reporting encephalopathy 
after the administration of vaccines containing measles, mumps, and ru- 
bella alone or in combination. Nine publications did not provide evidence 
of causality beyond a temporal relationship between vaccination and the 
development of symptoms (Aydin et al., 2006; Ehrengut and Zastrow, 
1989; Landrigan and Witte, 1973; Martinon-Torres, 1999; Shuper, 2011; 
Verity et al., 2010; Weibel et al., 1998; Wiersbitzky et al., 1991, 1993a). In 
addition, three publications reported concomitant infections that could con- 
tribute to the development of symptoms (Verity et al., 2010; Wiersbitzky 
et al., 1991, 1993a). Furthermore, the viral strains in the MMR vaccine 
administered to the patient described by Verity et al. (2010) are unknown. 
These publications did not contribute to the weight of mechanistic evidence. 

Described below is one publication that merits greater discussion, al- 
though it does not contribute to the weight of mechanistic evidence. 

Poling et al. (2006) reported the case of a 19-month-old girl who 
developed symptoms of encephalopathy and fever 48 hours after receiv- 
ing a number of immunizations, one of which was a measles, mumps, 
and rubella vaccine. The only relationship reported for these symptoms is 
temporal, which the committee did not consider evidence of causality. The 
patient subsequently developed a number of neurologic and gastrointestinal 
symptoms, ultimately resulting in a diagnosis of autism. At approximately 
2 years of age, the patient was also diagnosed with a mitochondrial disor- 
der. The authors did not attribute the symptoms of encephalopathy to the 
vaccines. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

As described in greater detail in the encephalitis section Valmari et al. 
(1987) reported the isolation of measles virus, on two occasions, from the 
CSF in a patient that developed symptoms of encephalopathy after admin- 
istration of measles, mumps, and rubella vaccines. 


Weight of Mechanistic Evidence 


Neurological sequelae of encephalitis, including aphasia and psycho- 
motor retardation, have been reported after infection with both wild-type 
measles virus and wild-type mumps virus (Gershon, 2010a; Litman and 
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Baum, 2010). The committee considers the effects of natural infection one 
type of mechanistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
encephalopathy after administration of MMR vaccine. Measles virus was 
demonstrated in the patient’s CSF on two occasions. However, the authors 
did not identify the virus as vaccine strain. In addition, the patient under- 
went immunosupressive therapy shortly after administration of the vaccine, 
which could have contributed to the development of symptoms. 

The latency between vaccination and the development of encephalopa- 
thy in the publication described was 54 days suggesting persistent viral 
infection as the mechanism. Direct viral infection and viral reactivation may 
contribute to the symptoms of encephalopathy; however, the publications 
did not provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between MMR vaccine and encephalopathy as weak based 
on knowledge about the natural infection and one case. 


Causality Conclusion 


Conclusion 4.3: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and encephalopathy. 


FEBRILE SEIZURES 


Epidemiologic Evidence 


The committee reviewed 19 studies to evaluate the risk of febrile sei- 
zures after the administration of vaccines containing measles, mumps, and 
rubella alone or in combination. Nine studies (Al Awaidy et al., 2010; 
Bino et al., 2003; D’Souza et al., 2000; Fescharek et al., 1990; Landrigan 
and Witte, 1973; Miller, 1982; Patja et al., 2000; Stetler et al., 1985; 
Vahdani et al., 2005) were not considered in the weight of epidemiologic 
evidence because they provided data from passive surveillance systems 
and lacked unvaccinated comparison populations. Two controlled studies 
(Menniti-Ippolito et al., 2007; Morley et al., 1964) had very serious meth- 
odological limitations that precluded their inclusion in this assessment. The 
study by Menniti-Ippolito et al. (2007) provided inadequate information 
on the selection of controls and did not validate vaccination information 
provided in self-report questionnaires from the study participants. Morley 
et al. (1964) conducted a double-blind, randomized controlled trial in 
children living in Nigeria, but the sample size was too small to adequately 
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assess the risk of seizures following administration of the Edmonston B 
strain measles vaccine. 

The eight remaining controlled studies (Andrews et al., 2007; Barlow 
et al., 2001; Chen et al., 1997; Farrington et al., 1995; Griffin et al., 1991; 
Miller et al., 2007; Vestergaard et al., 2004; Ward et al., 2007) contributed 
to the weight of epidemiologic evidence and are described below. 

Griffin et al. (1991) conducted a retrospective cohort study in 18,364 
children (12 to 36 months of age) enrolled in the Tennessee Medicaid pro- 
gram from 1974 through 1984. The study reviewed county health depart- 
ment records to identify children who received immunizations at public 
health clinics; 82 percent of these records were linked to Tennessee birth 
certificates for children born from 1974 through 1984. The study cohort 
included children enrolled in the Tennessee Medicaid program within 90 
days of birth who received at least one diphtheria, tetanus, and pertus- 
sis (DTP) vaccination (during 29 to 365 days of birth) and one MMR or 
measles-rubella (MR) vaccination (during 12 to 36 months of age). The 
investigators screened Medicaid inpatient and outpatient claims files for 
diagnoses of febrile seizures, afebrile seizures, and symptomatic seizures 
following administration of MMR or MR vaccine. The claims files were 
verified with hospital-based records; events not leading to hospitalization 
were excluded from the analysis. Of the 18,222 MMR and 363 MR vac- 
cines administered to the study participants, 77 cases of febrile seizures 
were reported following vaccination. The risk period and control period 
were defined as 7 to 14 days and 30 or more days after vaccination, respec- 
tively. The age-adjusted relative risk of febrile seizures 7 to 14 days after 
MMR or MR vaccination was 2.1 (95% CI, 0.7-6.4). Thus, the authors 
found a nonsignificant increased risk of febrile seizures within 7 to 14 days 
of MMR or MR vaccination. 

Farrington et al. (1995) conducted a case-crossover study in children 
(12 to 24 months of age) who were enrolled from computerized hospital 
records in five districts in the United Kingdom between October 1988 and 
February 1993. A total of 1,057 cases of febrile seizures were identified us- 
ing hospital diagnosis codes. MMR vaccination information was obtained 
from computerized child health and general practice records for 75 percent 
of the participants. The vaccine batch number was available in 78 percent 
of these records and was used to determine the mumps strain (Jeryl Lynn 
or Urabe) administered during vaccination. The risk periods for febrile sei- 
zures were defined as 6-11 days and 15-35 days after MMR vaccination 
based on when the authors might expect to observe neurological events 
attributable to the measles and mumps components of the vaccine. The 
control period was defined as any time not included in the risk period. 
The relative risk of febrile seizures within 6-11 days of MMR vaccination 
including the Jeryl Lynn mumps strain was 3.77 (95% CI, 1.95-7.30) and 
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within 15-35 days was 1.04 (95% CI, 0.56-1.93). The authors found a 
significantly increased risk of febrile seizures within 6 to 11 days of MMR 
vaccination. 

Chen et al. (1997) conducted a self-controlled case-series study in more 
than 500,000 children (0 to 6 years of age) enrolled in four HMOs partici- 
pating in the VSD from 1991 through 1996. Vaccination information and 
diagnostic codes for seizures were obtained from the HMO data systems 
without chart review. Children who experienced any type of seizure were 
included in the analysis (the number of cases was not provided). The rela- 
tive rates of seizures observed during the risk periods (1-3 days, 4-7 days, 
8-14 days, and 15-30 days following vaccination) were compared with 
prevaccination and more distant postvaccination control periods. The rela- 
tive risk of seizures within 8-14 days of MMR vaccination (adjusted for 
concomitant Haemophilus influenzae type B [HiB] vaccination) was 2.42 
(95% CI, 1.8—3.2). The authors did not provide relative risk information 
for the other defined risk periods. 

Barlow et al. (2001) collected additional data on children enrolled in 
the study by Chen et al. (1997), which is described above. The authors 
conducted a retrospective cohort study in 679,942 children enrolled in 
four HMOs participating in the VSD from January 1991 to September 
1993. A total of 2,281 children with possible first seizures were identified 
in the HMO data systems using diagnostic codes for seizures, seizures in 
a newborn, epilepsy, and myoclonus. The diagnostic codes were primarily 
limited to hospitalizations and emergency department visits. The investiga- 
tors reviewed the medical records of 1,094 randomly selected children in 
order to validate and classify the events. Of the 716 validated diagnoses 
of first seizure, 487 were febrile seizures, 137 were afebrile seizures, 36 
were infantile spasms, and 56 were from other causes. MMR immuniza- 
tion information was obtained from the HMO data systems but was not 
validated with medical record review. The risk intervals for febrile seizures 
were defined as 1-7 days, 8-14 days, and 15-30 days following MMR vac- 
cination. The children in the exposed group were matched to the reference 
group on calendar time, age (within 1 day), and HMO. The reference group 
had not received an MMR vaccination within the preceding 30 days of the 
index date. The analysis was adjusted for age, sex, HMO, calendar time, 
and DTP administration. The adjusted relative risk of febrile seizures within 
1-7 days of MMR vaccination was 1.73 (9596 CI, 0.72-4.15), within 8-14 
days was 2.83 (9596 CI, 1.44—5.55), and within 15-30 days was 0.97 (9596 
CI, 0.49-1.95). The authors confirmed a significantly increased risk of fe- 
brile seizures within 8 to 14 days of MMR vaccination in a more detailed 
analysis of the population first reported in Chen et al. (1997). 

Vestergaard et al. (2004) conducted a retrospective cohort study in chil- 
dren born in Denmark from January 1991 through December 1998. The 
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children were enrolled from the Danish Civil Registration System, which 
maintains personal identification information for all residents. These data 
were linked to records from other national registries. Diagnoses of febrile 
seizures were derived from diagnostic codes in the National Hospital Reg- 
istry and MMR vaccination data were obtained from the National Board 
of Health. The MMR vaccine in use during the study period contained the 
same measles, mumps, and rubella strains as the U.S. vaccine. Children 
were classified as having a febrile seizure if they were 3 to 60 months of age 
at the time of hospital discharge and did not have a record of afebrile sei- 
zures or other exclusionary conditions (cerebral palsy, severe head trauma, 
intracranial tumors, meningitis, or encephalitis). Follow-up began at 3 
months of age and continued until December 31, 1999, or the date of first 
diagnosis of febrile seizure, diagnosis of an exclusionary condition, 5 years 
of age, emigration, or death. A total of 537,171 children were followed 
for an average of 3.5 years; 17,986 children had at least one diagnosis 
of febrile seizures, of which 973 experienced the seizure within 2 weeks 
of MMR vaccination. Relative risks were calculated and adjusted for age 
(3-month categories) and calendar year. The adjusted relative risk of febrile 
seizures during the first week following MMR vaccination was 2.46 (95% 
CI, 2.22-2.73), during the second week following MMR vaccination was 
3.17 (95% CI, 2.89-3.49), and within the combined 2 weeks following 
MMR vaccination was 2.75 (95% CI, 2.32-3.26). The authors concluded 
that MMR vaccination is associated with a significantly increased risk of 
febrile seizures within 2 weeks of vaccine administration. 

Andrews et al. (2007) conducted a self-controlled case-series study in 
children (28 days to 17 years of age) diagnosed with seizures from Novem- 
ber 1999 through September 2003 in the United Kingdom. MMR vaccines 
with the Jeryl Lynn or RIT 4385 mumps component (which is derived from 
the Jeryl Lynn strain), and Moraten or Schwarz measles component were 
in use during the study period. The cases were identified using diagnostic 
codes for seizures located in the hospital episode data from the London and 
South East regions. The hospital episode data was linked to vaccination 
information in the child-health databases from the same regions. The study 
participants were divided into three age groups: 28-365 days (infants), 1 
year of age (toddlers), and 2-17 years of age (children). Cases were ex- 
cluded from the analysis if they received a vaccination outside the recom- 
mended age range; MMR vaccine was not recommended in infants and 
these cases were excluded. Two risk periods were defined as 6-11 days and 
15-35 days after MMR vaccination, and were compared to the background 
risk of seizures among the study participants (excluding the 7-day period 
before vaccination). A total of 342 participants from the 1-year age group 
reported 367 seizures (326 febrile seizures and 41 other or unspecified sei- 
zures) and 788 participants from the 2- to 17-year age group reported 863 
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seizures (500 febrile seizures and 363 other or unspecified seizures). The 
relative risk of seizures in the 1-year age group within 6-11 days of MMR 
vaccination was 2.07 (95% CI, 1.00—4.27) and within 15-35 days of MMR 
vaccination was 0.65 (95% CI, 0.36-1.19). The relative risk of seizures in 
the 2- to 17-year age group within 6-11 days of MMR vaccination was 
1.74 (95% CI, 0.49-6.14) and within 15-35 days of MMR vaccination 
was 1.39 (95% CI, 0.71-2.74). The analyses were not separated by type 
of seizure. The authors found a significant increased risk of seizures in the 
1-year age group within 6 to 11 days of MMR vaccination. However, the 
study included two vaccine formulations, one of which is not available in 
the United States, and the association of these vaccines with febrile seizures 
was not analyzed separately. 

Miller et al. (2007) conducted a self-controlled case-series study in chil- 
dren (12 to 23 months of age) diagnosed with seizures from January 1998 
through June 2002 in the United Kingdom. MMR vaccines with the Jeryl 
Lynn or RIT 4385 mumps component, and Moraten or Schwarz measles 
component were in use during the study period. The cases were identified 
using computerized hospital records listing admissions to the National 
Health Service hospitals, which were linked to MMR vaccination data 
from computerized immunization records in the North and South Thames 
regions. Cases with a diagnosis code for febrile seizures or unspecified 
seizures were included in the study. Two risk periods were defined as 6-11 
days and 15-35 days after MMR vaccination, and were compared to the 
background risk of seizures among the participants (excluding the 2 weeks 
before vaccination). A total of 894 children were hospitalized with 988 sei- 
zure episodes during the study period and were included in the analysis; 73 
received meningococcal C conjugate vaccine concurrently with MMR vac- 
cine. The relative risk of febrile seizures within 6-11 days of MMR vaccina- 
tion was 4.27 (95% CI, 3.17-5.76) and within 15-35 days of vaccination 
was 1.33 (95% CI, 1.00-1.77). The authors concluded that administration 
of MMR vaccine increases the risk of febrile seizures during the 6-11 days 
following vaccination. However, the study included two vaccine formula- 
tions, one of which is not available in the United States, and the association 
of these vaccines with febrile seizures was not analyzed separately. 

The study by Ward et al. (2007) was described in detail in the section 
on encephalitis and encephalopathy. This self-controlled case-series study 
included 107 children (12 to 35 months of age) with confirmed severe neu- 
rologic disease, residing in the United Kingdom or Ireland between October 
1998 and September 2001. The relative risk of severe neurologic disease 
within 6-11 days after MMR vaccination was 5.68 (95% CI, 2.31-13.97) 
and within 15-35 days after MMR vaccination was 1.34 (95% CI, 0.52- 
3.47). While a significant increased risk of disease was observed during the 
6- to 11-day postvaccination period, three of the six cases received MMR 
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and meningococcal C conjugate vaccine on the same day, and four of the 
six cases reported complex febrile seizures combined with encephalopathy. 
The authors concluded that administration of MMR vaccine is associated 
with an increased risk of severe neurologic disease within 6 to 11 days of 
vaccination, and attributed the risk to the inclusion of cases with complex 
febrile seizures. Furthermore, the study included two vaccine formulations, 
one of which is not available in the United States, and the association of 
these vaccines with febrile seizures was not analyzed separately. 


Weight of Epidemiologic Evidence 


Eight analyses of seven study groups contributed to the weight of evi- 
dence; Barlow et al. (2001) and Chen et al. (1997) examined the same pop- 
ulation. Five studies assessed the risk of seizures using MMR formulations 
currently administered in the United States (Barlow et al., 2001; Chen et al., 
1997; Farrington et al., 1995; Griffin et al., 1991; Vestergaard et al., 2004), 
while three studies combined assessments for two vaccine formulations, one 
of which is not available in the United States (Andrews et al., 2007; Miller 
et al., 2007; Ward et al., 2007). All found an increase in seizures within 7 
to 14 days following MMR vaccination. Six of the studies noted these were 
febrile seizures; two studies (Andrews et al., 2007; Chen et al., 1997) did 
not mention whether the seizures were febrile or afebrile. In six studies the 
association was statistically significant. See Table 4-2 for a summary of the 
studies that contributed to the weight of epidemiologic evidence. 


The committee bas a high degree of confidence in the epidemio- 
logic evidence based on seven studies with validity and precision to 
assess an association between MMR vaccine and febrile seizures; 
these studies consistently report an increased risk. 


Mechanistic Evidence 


The committee identified 15 publications reporting febrile seizures de- 
veloping after the administration of vaccines containing measles, mumps, 
and rubella alone or in combination. One publication described multiple 
cases; some did not provide evidence beyond temporality (Ehrengut and 
Zastrow, 1989). These cases did not contribute to the weight of mechanistic 
evidence. Eleven publications did not provide evidence beyond temporality 
(Forster and Urbanek, 1982; Hilleman et al., 1968; Konkel et al., 1993; 
Landrigan and Witte, 1973; Maspero et al., 1984; Miller, 1982; Miyake 
et al., 2001; Nader and Warren, 1968; Wiersbitzky et al., 1991, 1993b, 
1995). In addition, five publications reported concomitant infections that 
could contribute to the development of symptoms (Forster and Urbanek, 
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1982; Konkel et al., 1993; Wiersbitzky et al., 1991, 1993b, 1995). These 
publications did not contribute to the weight of mechanistic evidence. 

Described below are four publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Abe et al. (1985) described a 19-month-old boy presenting with fever 
and a generalized tonic-clonic seizure lasting 30 minutes 11 days after 
receiving a measles vaccine containing the Schwarz measles strain. The fol- 
lowing day a morbilliform eruption and Koplik spots appeared. The patient 
experienced febrile seizures on three additional occasions 2 weeks, 5 weeks, 
and 7 months after the first seizure. 

Ehrengut and Zastrow (1989) reported 14 cases of febrile seizures de- 
veloping after administration of a vaccine containing measles, mumps, and 
rubella alone or in combination. Case 1 (number 1 in the report) presented 
with a tonic-clonic seizure lasting 10 minutes while febrile and eye rolling to 
the right 8 days after administration of a measles, mumps, and rubella vac- 
cine. Case 2 (number 4 in the report) presented with a tonic-clonic seizure 
lasting 5 minutes while febrile and meningismus 8 days after receiving a 
measles and mumps vaccine. Case 3 (number 7 in the report) presented with 
a febrile seizure and hemiplegia 14 days after administration of a measles 
and mumps vaccine. Case 4 (number 18 in the report) presented with a 
febrile seizure and exanthem 7 days after administration of a measles and 
mumps vaccine. Case 5 (number 25 in the report) presented with a maculo- 
papular exanthema and febrile seizure 3 days and 9 days, respectively, after 
administration of a measles and mumps vaccine. 

Fescharek et al. (1990) reported 6 of 34 cases of febrile seizures devel- 
oping after vaccination against measles, mumps, and rubella alone or in 
combination in detail. One case (number 11 in the report) was previously 
published by Forster and Urbanek (1982). Case 1 (number 7 in the report) 
presented with a clonic seizure while febrile, ataxia, and general retardation 
13 days after receiving a measles and mumps vaccine. Case 2 (number 10 
in the report) presented with a tonic-clonic seizure with fever, hemiparesis, 
and nystagmus 9 days after administration of a measles and mumps vac- 
cine. Case 3 (number 14 in the report) presented with a tonic-clonic seizure 
lasting 10 minutes with fever, exanthem, meningismus, and pharyngitis 10 
days after receiving a measles and mumps vaccine. Case 4 (number 19 in 
the report) presented with a febrile tonic-clonic seizure lasting 10 minutes 
while febrile and right side hemiparesis with hyperreflexia 9 days after 
administration of a measles, mumps, and rubella vaccine. Case 5 (number 
21 in the report) presented with a febrile seizure, exanthem, meningismus, 
and right side hemiparesis 10 days after receiving a measles, mumps, and 
rubella vaccine. 
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Parisi et al. (1991) described a 9-month-old patient (case 3 in the 
report) presenting with an exanthematic febrile reaction 11 days after ad- 
ministration of a measles vaccine. Physical examination showed hyperemic 
pharynx, rhinitis, conjunctivitis, and a maculopapular exanthem over the 
entire body. The symptoms disappeared after 4 to 5 days. 


Weight of Mechanistic Evidence 


Fever is a prodromal symptom beginning after the 10- to 14-day incu- 
bation phase for wild-type measles virus and the 16- to 18-day incubation 
period for wild-type mumps virus (Gershon, 2010a; Litman and Baum, 
2010). In addition, acute measles encephalitis is associated with fever and 
seizures (Gershon, 2010a). The committee considers the effects of natural 
infection one type of mechanistic evidence. 

In addition, the four publications described above presented clinical 
evidence sufficient for the committee to conclude the vaccine may be a 
contributing cause of febrile seizures after administration of MMR vac- 
cine. The publications presented a symptomology of fever with seizure 
developing within the incubation phases for measles and mumps viruses. In 
addition, some of the cases presented with exanthems and other neurologic 
symptoms consistent with measles infection. The failure to demonstrate 
vaccine-strain virus in the cases described above detracted from the weight 
of evidence. 

The latency between vaccination and the development of the sympto- 
mology described above ranged from hours to 28 days after administration 
of a vaccine containing measles, mumps, and rubella alone or in combina- 
tion; however, most of the cases discussed above presented between 7 and 
14 days after vaccination. Fever, in some instances, may contribute to the 
development of seizures. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between MMR vaccine and febrile seizures as intermediate 
based on 12 cases presenting clinical evidence. 


Causality Conclusion 


Conclusion 4.4: The evidence convincingly supports a causal rela- 
tionship between MMR vaccine and febrile seizures. 
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AFEBRILE SEIZURES 


Epidemiologic Evidence 


The committee reviewed 11 studies to evaluate the risk of afebrile 
seizures after the administration of vaccines containing measles, mumps, 
and rubella alone or in combination. Seven studies (Al Awaidy et al., 2010; 
Bino et al., 2003; D’Souza et al., 2000; Fescharek et al., 1990; Patja et al., 
2000; Stetler et al., 1985; Vahdani et al., 2005) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. Two 
controlled studies (Griffin et al., 1991; Menniti-Ippolito et al., 2007) had 
very serious methodological limitations that precluded their inclusion in 
this assessment. The study by Menniti-Ippolito et al. (2007) used a self- 
report questionnaire but did not validate vaccination histories and provided 
inadequate information for the selection of controls. A study by Griffin 
et al. (1991) was described in detail in the section on febrile seizures fol- 
lowing MMR vaccination. This retrospective cohort study did not observe 
an adequate number of children with afebrile seizures to estimate a relative 
risk; the authors only report that one child had afebrile seizures 1 and 3 
days after vaccination. 

The two remaining controlled studies (Barlow et al., 2001; Davis et al., 
1997) contributed to the weight of epidemiologic evidence and are de- 
scribed below. 

Davis et al. (1997) conducted a retrospective cohort study in children 
enrolled in the Group Health Cooperative (GHC) of Puget Sound and 
Northern California Kaiser (NCK) HMOs. The study included children 
who received MMR immunizations from March 1991 through Decem- 
ber 1994, and were enrolled in the HMO at least 3 months before and 
3 months after vaccination. Children in two age groups were examined: 4 to 
6 years and 10 to 12 years. Based on routine practice in the GHC and NCK 
the authors assumed that an MMR immunization received in either of these 
two age groups was a second dose. History of a previous MMR vaccination 
was not validated. Other immunizations were given concurrently in some 
children: hepatitis B vaccine was most common in the 10- to 12-year age 
group, and DTaP (or DT or Td) and oral polio virus vaccines were mainly 
seen in the 4- to 6-year age group. The risk period began the day after im- 
munization and continued for 30 days; the control period began 3 months 
before immunization and continued for 30 days, ending 2 months before 
immunization. A total of 18,036 children aged 10 to 12 years and 8,514 
children aged 4 to 6 years were included in the analysis. Clinic, emergency 
department, and hospital visits for seizures were obtained from the medi- 
cal records, and chart validation was performed to confirm the event. The 
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4- to 6-year-olds reported no chart-confirmed visits for seizure diagnoses 
during the risk period. The 10- to 12-year-olds reported more seizure diag- 
noses during the risk period (three cases) compared to the control period 
(no cases). The three seizures were described as one grand mal seizure, one 
syncopal seizure, and one partial complex seizure. Two of the children had 
similar seizure episodes that occurred before MMR vaccination and one 
was evaluated for a tic disorder prior to vaccination. 

The study by Barlow et al. (2001) was described in detail in the section 
on febrile seizures following MMR vaccination. This retrospective cohort 
study assessed the risk of afebrile seizures within 0-7 days, 8-14 days, and 
15-30 days of MMR vaccination. Of the 716 validated diagnoses of first 
seizure, 137 were afebrile seizures; seizures among children with diagnoses 
of epilepsy or residual seizure disorder were also classified as afebrile sei- 
zures. The relative risk of afebrile seizures within 8-14 days of MMR vac- 
cination was 1.11 (95% CI, 0.11-11.28) and within 15-30 days was 0.48 
(95% CI, 0.05-4.64); a relative risk was not calculated for afebrile seizures 
within 0-7 days of MMR vaccination. The authors found that MMR vac- 
cination is not associated with an increased risk of afebrile seizures, but the 
confidence intervals were very wide. 


Weight of Epidemiologic Evidence 


Two large studies (Barlow et al., 2001; Davis et al., 1997) failed to 
identify enough cases to adequately address whether MMR vaccination 
is associated with an increased risk of afebrile seizures. See Table 4-3 for 
a summary of the studies that contributed to the weight of epidemiologic 
evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision to 
assess an association between MMR vaccine and afebrile seizures. 


Mechanistic Evidence 


The committee identified 10 publications reporting afebrile seizures de- 
veloping after the administration of measles, mumps, and rubella alone or 
in combination. Popovic-Miocinovic et al. (1994) did not observe exacer- 
bation of epilepsy after vaccination against measles in patients undergoing 
anticonvulsant therapy. One publication identified the development of sta- 
tus epilepticus in one patient after administration of a measles vaccine, but 
details including the time frame between vaccination and the development 
of symptoms were not provided (Scholtes et al., 1996). Eight publications 
did not provide evidence beyond temporality, some too short based on the 
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possible mechanisms involved (Ehrengut and Zastrow, 1989; Fescharek 
et al., 1990; Konkel et al., 1993; Kumar et al., 1982; Nader and Warren, 
1968; Schneck, 1968; Wiersbitzky et al., 1993b, 1995). The publications 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and afebrile seizures as lacking. 


Causality Conclusion 


Conclusion 4.5: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and afebrile seizures. 


MENINGITIS 


Epidemiologic Evidence 


The committee reviewed nine studies to evaluate the risk of meningitis 
after the administration of MMR vaccine. Three studies (Fescharek et al., 
1990; Miller et al., 1993; Schlipkóter et al., 2002) were not considered in 
the weight of epidemiologic evidence because they provided data from pas- 
sive surveillance systems and lacked unvaccinated comparison populations. 
Three controlled studies (Davis et al., 1997; dos Santos et al., 2002; Miller 
et al., 2007) had very serious methodological limitations that precluded 
their inclusion in this assessment. The studies by Davis et al. (1997) and dos 
Santos et al. (2002) were unable to find any cases of meningitis following 
MMR immunization, so no conclusions could be drawn from these analy- 
ses. Miller et al. (2007) conducted a retrospective cohort study comparing 
the risk of meningitis after MMR vaccination with an RIT 4385 mumps 
component (derived from the Jeryl Lynn strain) to a historical control 
population. The historical comparison group also received MMR vaccine 
(Urabe mumps component) and was inadequate for assessing the risk of 
meningitis following the administration of RIT 4385 mumps component 
MMR vaccine. 

The three remaining controlled studies (Black et al., 1997; Ki et al., 
2003; Makela et al., 2002) contributed to the weight of epidemiologic 
evidence and are described below. 

Black et al. (1997) conducted a case-control study in children (12 to 23 
months of age) with meningitis enrolled at four HMOs participating in the 
VSD from 1984 to 1993. The cases were identified in the HMO hospitaliza- 
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tion records. The medical record of each case was reviewed to validate the 
meningitis diagnosis and ensure the absence of a prior underlying disease; 
the controls also had no evidence of underlying illness. Two controls were 
matched to each case on age (within 1 month), sex, HMO, and HMO 
membership status. A total of 59 cases and 118 matched controls were 
included in the analysis. The odds ratio for developing meningitis after the 
administration of MMR vaccine in combination with other vaccines was 
reported for three time intervals: within 14 days, 0.50 (95% CI, 0.1-4.5); 
within 30 days, 0.84 (95% CI, 0.2-3.5); and within 8 to 14 days, 1.00 
(95% CI, 0.1-9.2). The authors concluded that MMR vaccination does 
not appear to increase the risk of hospitalization for aseptic meningitis in 
children, but the confidence intervals were very wide. 

The study by Makela et al. (2002) was described in detail in the sec- 
tion on encephalitis and encephalopathy. This retrospective cohort study 
investigated the occurrence of aseptic meningitis following MMR vaccina- 
tion in children (1 to 7 years of age) in Finland. Cases of aseptic meningitis 
identified in the nationwide hospital discharge register that occurred within 
3 months of vaccination were validated with information from the patients' 
medical records, and the exact dates of vaccination were verified. The risk 
period was defined as 3 months after vaccination; the control period was 
defined as subsequent 3-month postvaccination intervals until 24 months 
was reached. A total of 161 children were hospitalized for aseptic meningi- 
tis during the study period, of which 10 occurred within 3 months of MMR 
vaccination, 54 occurred in the subsequent 21 months, and 41 occurred 
before MMR vaccination. The analysis did not find an increase of aseptic 
meningitis hospitalizations within 3 months of vaccination (p = .57). The 
authors concluded that MMR vaccination does not appear to increase the 
risk of aseptic meningitis in children. 

Ki et al. (2003) conducted a case-crossover study in children (8 to 36 
months of age) with aseptic meningitis residing in Korea during 1998. The 
cases were identified using insurance claims data and included if they were 
hospitalized at the time of their diagnosis. A parental telephone survey was 
used to collect information on prior vaccinations; only patients that pro- 
vided the vaccination date and place of vaccination from a vaccine record 
were included. Since information on the mumps strain used was not avail- 
able, the authors assumed the MMR vaccines administered at public health 
centers would contain Urabe or Hoshino strains, and those administered 
at private clinics or hospitals would contain Jeryl Lynn or Rubini strains. 
A total of 67 children who received MMR vaccine within 1 year of aseptic 
meningitis onset were included in the analysis, of which 29 received Urabe 
or Hoshino mumps strain and 38 received Jeryl Lynn or Rubini mumps 
strain. Since neither Urabe nor Hoshino strain were used in the United 
States, the committee only looked at the results of the subset of patients 
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who received either Jeryl Lynn (U.S. mumps vaccine strain) or Rubini strain. 
The risk period was defined as 42 days before disease onset and the control 
period extended to 1 year before onset excluding the risk period (cases were 
self-matched). In the Jeryl Lynn or Rubini group (n = 38), the relative risk 
of aseptic meningitis within 42 days of MMR vaccination was 0.6 (95% CI, 
0.18-1.97). The authors concluded that MMR vaccination with Jeryl Lynn 
or Rubini mumps strain does not appear to be associated with an increased 
risk of aseptic meningitis in children. 


Weight of Epidemiologic Evidence 


Three studies evaluating the risk of aseptic meningitis after MMR 
vaccination were included in the committee’s review of the epidemiologic 
evidence (Black et al., 1997; Ki et al., 2003; Makela et al., 2002). None of 
these studies found a significant increased risk of aseptic meningitis after 
MMR vaccination with strains used in the United States. Although power 
was limited in all the studies, they were generally well done and results 
were consistent, supporting the committee’s conclusion that the evidence 
overall reached a moderate level of confidence for a null association. See 
Table 4-4 for a summary of the studies that contributed to the weight of 
epidemiologic evidence. 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on three studies with sufficient validity 
and precision to assess an association between MMR vaccine and 
meningitis; these studies consistently report a null association. 


Mechanistic Evidence 


The committee identified eight publications reporting meningitis after 
the administration of vaccines containing measles, mumps, and rubella 
alone or in combination. Usonis et al. (1999) reported one case of sus- 
pected meningitis or febrile seizure after MMR vaccination but did not 
provide clinical, diagnostic, or experimental evidence, including the time 
frame between vaccine administration and development of symptoms. Two 
publications described multiple cases, some of which did not provide evi- 
dence beyond temporality or attributed the symptoms to another etiology 
(Ehrengut and Zastrow, 1989; Fescharek et al., 1990). These cases did not 
contribute to the weight of mechanistic evidence. Four publications did 
not provide evidence of causality beyond a temporal relationship between 
vaccination and the development of symptoms (Jorch et al., 1984; Riordan 
et al., 1995; Wiersbitzky et al., 1992a,b). In addition, two publications 
attributed the development of meningitis postvaccination to concomitant 
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infections (Jorch et al., 1984; Riordan et al., 1995). These cases did not 
contribute to the weight of mechanistic evidence. 

Described below are three publications describing clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

The case reported by Bakshi et al. (1996) was described in detail in the 
section on encephalitis. The authors reported the isolation of mumps virus 
from the urine, serum, and CSF in a patient that developed symptoms of 
meningoencephalitis after administration of a MMR vaccine. 

Ehrengut and Zastrow (1989) reported five cases of meningitis after 
vaccination against either mumps or measles and mumps. Case 3 described 
a 6-year-old boy presenting with vomiting, dizziness, and fever 21 days 
after receiving a mumps vaccine containing the Jeryl Lynn mumps strain. 
Mumps virus was demonstrated in pharyngeal smears. Cell culture ex- 
amination showed that the isolated virus produced fewer syncytia, smaller 
inclusion bodies, and induced less cell damage to monkey kidney cells than 
wild-type mumps virus, suggesting vaccine-strain virus. 

Fescharek et al. (1990) reported 14 cases of meningitis after vaccina- 
tion against either mumps, measles and mumps, or measles, mumps, and 
rubella. Case 8 describes a 6-year-old boy presenting with diarrhea and 
vomiting 1 day after, and headache, fever, abdominal pain, and meningism 
9 days after receiving a measles and mumps vaccine. Mumps virus was 
demonstrated in pharyngeal fluid. Case 12 describes an 8-year-old boy 
(whose friend’s sister was suffering from mumps) presenting with fatigue, 
and malaise 9 days after, and vomiting and fever 12 days after receiving a 
mumps vaccine. ECHO virus type II was demonstrated in the stool, and 
mumps virus was demonstrated in the CSE 


Weight of Mechanistic Evidence 


Meningitis develops in 1-10 percent of persons infected with wild-type 
mumps virus (Litman and Baum, 2010). Furthermore, mumps meningitis 
can present before, during, or after parotitis (Litman and Baum, 2010). The 
committee considers the effects of natural infection one type of mechanistic 
evidence. 

The three publications described above did not present evidence suffi- 
cient for the committee to conclude the vaccine may be a contributing cause 
of meningitis after administration of a vaccine containing measles, mumps, 
and rubella alone or in combination. The publications reported the isola- 
tion of mumps virus from urine, blood, pharyngeal fluid and smears, and 
CSE, but while one publication reported the isolation of a mumps virus that 
acted similarly to vaccine strain mumps virus in cell culture studies, no pub- 
lications definitively reported the isolation of vaccine strain mumps virus. 
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The latency between vaccination and the development of meningitis 
in the publications described above ranged from 9 days to 9 months, sug- 
gesting direct viral infection or persistent viral infection as the mechanism. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between mumps vaccine and meningitis as weak based on 
knowledge about the natural infection and four cases. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between measles or rubella vaccine and meningitis as 
lacking. 


Causality Conclusion 


Conclusion 4.6: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and meningitis. 


ATAXIA 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of ataxia af- 
ter the administration of vaccines containing measles, mumps, and rubella 
alone or in combination. These four studies (Fescharek et al., 1990; Geier 
and Geier, 2003; Landrigan and Witte, 1973; Plesner et al., 2000) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems and lacked unvaccinated comparison 
populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and ataxia. 


Mechanistic Evidence 


The committee identified eight publications reporting ataxia after the 
administration of vaccines containing measles, mumps, and rubella alone or 
in combination. Seven publications did not provide evidence beyond tem- 
porality (Ehrengut and Zastrow, 1989; Fescharek et al., 1990; Martinon- 
Torres, 1999; Nader and Warren, 1968; Peltola et al., 1998; Plesner et al., 
2000; Trump and White, 1967). It was unclear what viral strains were 
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administered to the patient described by Martinon-Torres (1999). These 
publications did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Landrigan and Witte (1973) retrospectively analyzed cases of neu- 
rological disorders developing within 1 month after administration of a 
measles vaccine from 1963 to 1971 reported to the Immunization Branch 
of the Center for Disease Control. The authors report three cases of ataxia 
developing after vaccination. Measles virus was demonstrated in the CSF 
of one patient that developed choreoathetosis and ataxia 7 days after vac- 
cination. Laboratory analysis including infectivity titer, plaquing, and tissue 
culture sensitivity suggest the isolated virus to be vaccine-like. 


Weight of Mechanistic Evidence 


While rare, infection with wild-type mumps is associated with cerebel- 
lar ataxia (Litman and Baum, 2010). In addition, invasion of the central 
nervous system by wild-type measles virus is common (Gershon, 2010a). 
The committee considers the effects of natural infection one type of mecha- 
nistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
ataxia. The publication reported the demonstration of measles virus in the 
CSF and that the isolated virus acted similarly to vaccine-strain measles 
virus in cell culture studies. However, the publication did not definitively 
report the isolation of vaccine strain measles virus. 

The latency between vaccination and the development of ataxia in the 
publication described above was 7 days, suggesting direct viral infection as 
the mechanism. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between measles or mumps vaccine and ataxia as weak 
based on knowledge about the natural infection and one case. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and ataxia as lacking. 


Causality Conclusion 


Conclusion 4.7: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and ataxia. 
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AUTISM 


Epidemiologic Evidence 


The committee reviewed 22 studies to evaluate the risk of autism after 
the administration of MMR vaccine. Twelve studies (Chen et al., 2004; 
Dales et al., 2001; Fombonne and Chakrabarti, 2001; Fombonne et al., 
2006; Geier and Geier, 2004; Honda et al., 2005; Kaye et al., 2001; Makela 
et al., 2002; Mrozek-Budzyn and Kieltyka, 2008; Steffenburg et al., 2003; 
Takahashi et al., 2001, 2003) were not considered in the weight of epidemio- 
logic evidence because they provided data from a passive surveillance system 
lacking an unvaccinated comparison population or an ecological comparison 
study lacking individual-level data. Five controlled studies (DeStefano et al., 
2004; Richler et al., 2006; Schultz et al., 2008; Taylor et al., 2002; Uchiyama 
et al., 2007) had very serious methodological limitations that precluded their 
inclusion in this assessment. Taylor et al. (2002) inadequately described 
the data analysis used to compare autism compounded by serious bowel 
problems or regression (cases) with autism free of such problems (controls). 
DeStefano et al. (2004) and Uchiyama et al. (2007) did not provide sufficient 
data on whether autism onset or diagnosis preceded or followed MMR vac- 
cination. The study by Richler et al. (2006) had the potential for recall bias 
since the age at autism onset was determined using parental interviews, and 
their data analysis appeared to ignore pair-matching of cases and controls, 
which could have biased their findings toward the null. Schultz et al. (2008) 
conducted an Internet-based case-control study and excluded many partici- 
pants due to missing survey data, which increased the potential for selection 
and information bias. 

The five remaining controlled studies (Farrington et al., 2001; Madsen 
et al., 2002; Mrozek-Budzyn et al., 2010; Smeeth et al., 2004; Taylor et al., 
1999) contributed to the weight of epidemiologic evidence and are described 
below. 

Taylor et al. (1999) conducted a self-controlled case-series study in 
children with autistic disorders residing in the North East Thames region 
of the United Kingdom. The children were identified from computerized 
special needs or disability registers. A total of 498 children who were born 
from 1979 through 1998 and had an autism diagnosis before 16 years of 
age were included in the analysis. After reviewing the clinical records, the 
investigators confirmed that the autism diagnoses met the criteria of the In- 
ternational Classification of Diseases, 10th revision (ICD-10) in 82 percent 
of typical autism cases and 31 percent of atypical autism cases (the authors 
used the term core to describe typical autism, as noted in the methods). The 
self-controlled analysis investigated the risk of typical or atypical autism 
diagnosis among 357 cases during two postvaccination periods (12 or 24 
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months after vaccination). The reference period consisted of time from birth 
through August 1998, not including the postvaccination risk periods. The 
relative risk of autism diagnosis within 12 months of MMR vaccination 
was 0.94 (95% CI, 0.60-1.47) and within 24 months of MMR vaccina- 
tion was 1.09 (95% CI, 0.79-1.52). The relative risk of autism diagnosis 
within 12 months and 24 months of vaccination with MMR or single- 
antigen measles with mumps and rubella was 0.80 (95% CI, 0.53-1.22) 
and 1.05 (95% CI, 0.76-1.44), respectively. The authors noted the results 
were similar when the analyses were restricted to confirmed cases of typical 
or atypical autism. The authors concluded that MMR vaccination is not 
associated with autism. 

Farrington et al. (2001) conducted a reanalysis of the study by Taylor 
et al. (1999). The two risk periods were changed to autism diagnosis within 
59 months and any time after vaccination, and compared to a reference pe- 
riod that consisted of time from birth through 191 months of age or August 
1998, whichever occurred first. The analysis was adjusted for both calendar 
year and age. The relative risk of autism diagnosis within 59 months of 
vaccination with MMR was 1.24 (95% CI, 0.67-2.27), and with MMR 
and any measles-containing vaccines was 0.96 (95% CI, 0.52-1.77). The 
relative risk of autism diagnosis any time after vaccination with MMR was 
1.06 (95% CI, 0.49-2.30), and with MMR and any measles-containing 
vaccines was 2.03 (95% CI, 0.80—5.18). The authors concluded that there 
is no association between MMR or measles-containing vaccines and autism 
diagnosis any time after vaccination. 

Madsen et al. (2002)? conducted a retrospective cohort study in chil- 
dren born in Denmark from January 1991 through December 1998. The 
children were enrolled from the Danish Civil Registration System, which 
stores personal identification information for all residents, and linked re- 
cords to five other national registries. MMR vaccination data were obtained 
from the National Board of Health; autism diagnosis was derived from the 
Danish Psychiatric Central Register. The National Hospital Registry and 
Danish Medical Birth Registry provided birth weight and gestational age in- 
formation, and data on socioeconomic status and mother's education came 
from Statistics Denmark. Autism diagnoses were based on criteria from the 
ICD-10; the diagnostic codes were separated into cases of autistic disorder 
or other autistic-spectrum disorders. Children with congenital rubella or 
an inherited genetic condition (fragile X syndrome, Angelman's syndrome, 
or tuberous sclerosis) were excluded from the analysis. A total of 537,303 
children were included in the cohort, of which 316 had an autistic disorder 
diagnosis and 422 had an autistic-spectrum disorder diagnosis. Follow-up 





2One of the authors of this article, P. Thorsen, was indicted for embezzlement on April 13, 
2011. The implications for the integrity of the study are unknown at this time. 
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began at 1 year of age and continued through December 31, 1999, or the 
date of autism diagnosis, diagnosis of other associated conditions, emi- 
gration, or death. Children who were vaccinated with MMR contributed 
1,647,504 person-years of follow-up, and those not vaccinated contributed 
482,360 person-years. Relative risks were calculated and adjusted for age, 
calendar period, sex, birth weight, gestation age, mother’s education, and 
socioeconomic status. The adjusted relative risk of autism diagnosis after 
MMR vaccination was 0.92 (95% CI, 0.68-1.24) and of other autistic 
spectrum disorders after MMR vaccination was 0.83 (95% CI, 0.65-1.07). 
The authors concluded that MMR vaccination is not associated with an 
increased risk of autistic disorder or other autistic-spectrum disorders. 

Smeeth et al. (2004) conducted a case-control study in children (born 
between 1973 and 1999) enrolled in the General Practice Research Data- 
base (GPRD) from June 1987 through December 2001. The study included 
991 cases with a recorded diagnosis of autism and 303 cases with other 
pervasive developmental disorder diagnosis. A total of 4,469 controls were 
individually matched to cases on year of birth (within 1 year), sex, and 
general practice. The study excluded cases and controls that were not en- 
rolled in the database for at least 12 months before the diagnosis or index 
date (date that control was same age as matched case at time of diagnosis). 
MMR vaccination data were abstracted from the GPRD records, and the 
case or control status was concealed during the assessment. The unadjusted 
odds ratio for autism diagnosis after MMR vaccination was 0.77 (95% 
CI, 0.60-0.98). After adjustment for the age at which participants joined 
the GPRD, the odds ratio was 0.88 (9595 CI, 0.67-1.15). The authors 
concluded that MMR vaccination is not associated with an increased risk 
of autism. 

Mrozek-Budzyn et al. (2010) conducted a case-control study in children 
identified in the general practitioner records in the Malopolska Province of 
Poland. The study included 96 cases and 192 matched controls. The cases 
were diagnosed with childhood or atypical autism by a child psychiatrist 
according to the ICD-10 criteria. Two controls were matched to each case 
on year of birth, gender, and physician's practice. Vaccination histories and 
the date of autism diagnosis were extracted from the physician's records. 
Date of onset of symptoms was derived from parental interview. If MMR 
or single-antigen measles vaccination preceded the onset of symptoms, cases 
were classified as vaccinated. Controls were considered vaccinated if they 
received an MMR or single-antigen measles vaccine before the age of symp- 
tom onset observed in the matched case. The analysis adjusted for mother's 
age, medication during pregnancy, gestation time, perinatal injury, and 
5-minute Apgar scale score. The adjusted odds ratio for autism diagnosis 
after MMR vaccination was 0.17 (95% CI, 0.06-0.52). The adjusted odds 
ratio for autism diagnosis after single-antigen measles or MMR vaccination 
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was 0.28 (95% CI, 0.10-0.76). The authors concluded that administra- 
tion of MMR or single-antigen measles vaccine is not associated with an 
increased risk of autism in children. 


Weight of Epidemiologic Evidence 


Three unique studies (Madsen et al., 2002; Smeeth et al., 2004; Taylor 
et al., 1999) were judged to have negligible limitations; all reported null as- 
sociations (on average) between MMR vaccination and subsequent autism 
diagnosis (or onset) and the overall precision was high. A separate report 
(Farrington et al., 2001) using the same population and methods as Taylor 
et al. (1999) reported a null association (moderate precision) between 
MMR vaccination and subsequent onset or diagnosis of the regressive sub- 
type of autism. The fifth study (Mrozek-Budzyn et al., 2010) also found no 
association between measles or MMR immunization using a hospital-based 
case-control design with appropriate methods for matching and analysis. 
This study was rated as having serious limitations because it did not provide 
information on medical conditions among the controls and relied on medi- 
cal record abstraction for immunization dates and autism diagnosis dates. 
Overall, the studies were reasonably valid, and provided consistent and 
precise evidence supporting no increased risk. See Table 4-5 for a summary 
of the studies that contributed to the weight of epidemiologic evidence. 


The committee has a high degree of confidence in the epidemiologic 
evidence based on four studies with validity and precision to assess 
an association between MMR vaccine and autism; these studies 
consistently report a null association. 


Mechanistic Evidence 


The committee identified four publications reporting autism develop- 
ing after the administration of MMR vaccine. Three publications did not 
provide evidence beyond temporality, some too long (Frenkel et al., 1996; 
Spitzer et al., 2001; Wakefield et al., 1998).3 Long latencies between vac- 
cine administration and development of behavioral symptoms make it 
impossible to rule out other possible causes. In addition, the committee 
identified an editorial by Sharrard (2010) in which a temporal relationship 
between administration of a measles, mumps, and rubella vaccine and the 
development of autism was attributed to one patient reported in Verity 
et al. (2010). However, as reported in the original article and affirmed in 
a subsequent letter to the editor (Verity et al., 2011) the vaccinee did not 





3During the committee’s review the publisher issued a retraction of Wakefield et al. (1998). 
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develop autism, a fact that was misreported in the editorial by Sharrard. 
Two publications studied the association between MMR vaccination and 
autism with enteropathy (Hornig et al., 2008; Peltola et al., 1998). The 
authors reported a temporal relationship between vaccine administration 
and development of gastrointestinal disturbances but did not report autism 
after vaccination. The publications did not contribute to the weight of 
mechanistic evidence.* 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and autism as lacking. 


Causality Conclusion 


Conclusion 4.8: The evidence favors rejection of a causal relation- 
ship between MMR vaccine and autism. 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of acute dissemi- 
nated encephalomyelitis (ADEM) after the administration of measles vac- 
cine. This one study (Landrigan and Witte, 1973) was not considered in the 
weight of epidemiologic evidence because it provided data from a passive 
surveillance system and lacked an unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and ADEM. 


Mechanistic Evidence 


The committee identified three publications reporting the development 
of ADEM after the administration of vaccines containing measles, mumps, 
and rubella alone or in combination. The publications did not provide 
evidence beyond temporality (Gomez Sanchez et al., 2005; Landrigan and 





^The case report authored by Poling et al. (2006) is described in the section under 
encephalopathy. 
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Witte, 1973; Tenembaum et al., 2002). The publications did not contribute 
to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, wild-type measles, mumps, or rubella infections have been 
associated with the development of ADEM (Davis, 2008). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of ADEM. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of ADEM; how- 
ever, the publications did not provide evidence linking these mechanisms 
to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and ADEM as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 4.9: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of trans- 
verse myelitis after the administration of measles vaccine. This one study 
(Landrigan and Witte, 1973) was not considered in the weight of epide- 
miologic evidence because it provided data from a passive surveillance 
system and lacked an unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee identified five publications reporting the development of 
transverse myelitis after the administration of vaccines containing measles, 
mumps, and rubella alone or in combination. Two publications did not 
provide evidence beyond temporality (Cizman et al., 2005; Landrigan and 
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Witte, 1973). In addition, Cizman et al. (2005) reported the concomitant 
administration of vaccines, making it difficult to determine which, if any, 
vaccine could have been the precipitating event. Furthermore, Cizman 
et al. (2005) reported serologic testing that showed an acute infection 
with Epstein-Barr virus that could have contributed to the development 
of transverse myelitis. This publication did not contribute to the weight of 
mechanistic evidence. 

Described below are three publications describing clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Holt et al. (1976) described a 17-year-old girl presenting with sensory 
and motor impairment in the legs and transient paraesthesiae in the left 
arm 2 weeks after administration of a rubella vaccine containing the RA 
27/3 strain. The vaccine was administered 1 week postpartum. Over the 
ensuing 3 days the patient developed anaesthesia below D4 dermatomal 
level, flaccid paraplegia with retention of urine, and fecal incontinence. 
The serum rubella haemagglutination inhibition titers increased from 1:20 
prevaccination to 1:128 19 days postvaccination. 

Lim et al. (2004) described a 9-year-old girl presenting with urinary 
incontinence 16 days after administration of a measles and rubella vac- 
cine containing the Edmonston-Zagreb measles strain and RA 27/3 ru- 
bella strains. Lower limb weakness and back pain developed 4 days later. 
Serological testing was negative for Mycoplasma, herpes simplex virus, 
varicella zoster virus, and cytomegalovirus. 

Joyce and Rees (1995) described a 20-year-old man presenting with 
malaise, fever, sore throat, and a transient rash over the upper torso 5 days 
after administration of a measles, mumps, and rubella vaccine. The symp- 
toms fluctuated over the ensuing 2 weeks after which the patient developed 
urinary retention and ascending paraesthesia. Serologic testing showed a 
significant rise in titers of rubella antibodies postvaccination. 


Weight of Mechanistic Evidence 


While rare, infection with wild-type mumps virus has been associated 
with the development of transverse myelitis (Litman and Baum, 2010). In 
addition, infection with wild-type measles and rubella viruses have been 
associated with the development of myelitis (Davis, 2008). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The publications described above, when considered together, did not 
present evidence sufficient for the committee to conclude the vaccine may 
be a contributing cause of transverse myelitis. Autoantibodies, T cells, and 
molecular mimicry may contribute to the symptoms of transverse myelitis; 
however, the publications did not provide evidence linking these mecha- 
nisms to MMR vaccine. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


156 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and transverse myelitis as weak 
based on knowledge about the natural infection and three cases. 


Causality Conclusion 


Conclusion 4.10: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and transverse myelitis. 


OPTIC NEURITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of optic neu- 
ritis after the administration of MMR vaccine. This one controlled study 
(DeStefano et al., 2003) was included in the weight of epidemiologic evi- 
dence and is described below. 

DeStefano et al. (2003) conducted a case-control study to evaluate the 
association between MMR vaccination and optic neuritis using data from 
three HMOs participating in the VSD. The optic neuritis analysis included 
108 cases and 228 controls. The cases had a documented physician’s diag- 
nosis from January 1995 through December 1999, and were matched to 
controls from the HMO on date of birth (within 1 year) and sex. The au- 
thors evaluated the date of disease onset using data described in the medical 
record or reported in the telephone interview. The immunization status was 
obtained from vaccination records, medical records, and telephone inter- 
views. The study had high rates of self-reported vaccinations from outside 
the HMO system (64 percent of cases and 65 percent of controls) that could 
not be verified, which may have biased the results. The odds ratio for ever 
vaccinated with MMR before optic neuritis diagnosis was 0.8 (95% CI, 
0.3-2.2). The authors concluded that MMR vaccination does not appear 
to be associated with an increased risk of optic neuritis in adults. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision to 
assess an association between MMR vaccine and optic neuritis. 


Mechanistic Evidence 


The committee identified three publications reporting optic neuritis 
developing after the administration of vaccines containing measles, mumps, 
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and rubella alone or in combination. Kazarian and Gager (1978) did not 
provide evidence beyond temporality. This publication did not contribute 
to the weight of mechanistic evidence. 

Described below are two publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Stevenson et al. (1996) described two cases of optic neuritis developing 
after vaccination. Case one did not provide evidence of causality beyond a 
temporal relationship of 3 weeks between administration of a measles and 
rubella vaccine and development of symptoms after vaccination. Case two 
described a 13-year-old girl presenting with blurred vision and pain upon 
movement of the left eye 18 days after receiving a measles and rubella vac- 
cine. Laboratory examination of the CSF revealed oligoclonal bands. 

Riikonen (1995) described a 13-year-old girl presenting with acute pain 
and decreased visual acuity in the left eye 3 months after receiving a rubella 
vaccine. Laboratory examination of the CSF revealed oligoclonal antibod- 
ies and intrathecal antibody production against rubella 2 months after the 
onset of optic neuritis. Four months later antirubella antibody titers in the 
CSF were increased. 


Weight of Mechanistic Evidence 


While rare, infection with wild-type measles, mumps, or rubella viruses 
have been associated with optic neuritis (Davis, 2008). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The publications described above, when considered together, did not 
present evidence sufficient for the committee to conclude the vaccine may 
be a contributing cause of optic neuritis after administration of rubella 
vaccine. Laboratory analysis of the CSF from both publications revealed 
oligoclonal antibodies, which are present in chronic rubella infections of 
the central nervous system. In addition, analysis of the CSF from one pub- 
lication revealed intrathecal antirubella antibody production suggesting 
infection of the central nervous system. However, vaccine-strain rubella 
virus was not isolated. 

Autoantibodies, T cells, immune complexes, direct viral infection, per- 
sistent viral infection, and molecular mimicry may contribute to the symp- 
toms of optic neuritis; however, the publications did not provide evidence 
linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between MMR vaccine and optic neuritis as weak based 
on knowledge about the natural infection and two cases. 
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Causality Conclusion 


Conclusion 4.11: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and optic neuritis. 


NEUROMYELITIS OPTICA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of neuromyelitis optica (NMO) after the administration of 
MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and NMO. 


Mechanistic Evidence 


The committee identified one publication reporting the development 
of NMO after the administration of rubella vaccine. Kline et al. (1982) 
described a 31-year-old woman presenting with left periorbital pain and 
a headache on the left side 5 days after vaccination. Over the next several 
days the patient reported pain upon left eye movement and a drop in visual 
acuity in the left eye. The patient developed soreness in the neck, shoulders, 
and lower part of the back; intermittent fever; lower extremity weakness; 
and sensory loss below the T-10 level. The patient’s bladder function, visual 
acuity, and lower extremity weakness improved upon administration of 
prednisone. Two weeks after cessation of prednisone therapy the patient 
reported a burning sensation in both arms and legs, neck pain, generalized 
weakness, and bilateral deterioration of visual acuity. Laboratory exami- 
nation of the CSF showed immune complexes, increased levels of myelin 
basic protein, and rubella antibodies (detected by enzyme-linked immuno- 
absorbent assay). 


Weight of Mechanistic Evidence 


While rare, infection with wild-type rubella virus has been associated 
with both optic neuritis and myelitis (Davis, 2008). Patients with neuromy- 
elitis optica develop optic neuritis and transverse myelitis. The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
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NMO after administration of a rubella vaccine. The isolation of immune 
complexes and antirubella antibodies from the CSF are suggestive of their 
role in development of NMO after vaccination. However, the antigen and 
antibodies composing the immune complexes were not identified. Autoanti- 
bodies, T cells, complement activation, direct viral infection, and molecular 
mimicry may also contribute to the symptoms of NMO; however, the publi- 
cation did not provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and neuromyelitis optica as weak 
based on knowledge about the natural infection and one case. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between measles or mumps vaccine and NMO as lacking. 


Causality Conclusion 


Conclusion 4.12: The evidence is inadequate to accept or reject 
a causal relationship between MMR vaccine and neuromyelitis 
optica. 


MULTIPLE SCLEROSIS ONSET IN ADULTS 


Epidemiologic Evidence 


The committee reviewed six studies to evaluate the risk of onset (date 
of first symptom) of multiple sclerosis (MS) in adults after the administra- 
tion of measles or MMR vaccine. One study (Ahlgren et al., 2009a) was 
not considered in the weight of epidemiologic evidence because it lacked an 
unvaccinated comparison population. Three controlled studies (Pekmezovic 
et al., 2004; Ramagopalan et al., 2009; Zorzon et al., 2003) had very 
serious methodological limitations that precluded their inclusion in this 
assessment. The case-control study from Pekmezovic et al. (2004) used an 
inadequate control group that included patients diagnosed with other vari- 
ous neurological disorders. Ramagopalan et al. (2009) did not attempt to 
validate self-reported vaccination data or confirm the timing of vaccination, 
and the choice of spousal controls could have introduced selection bias. 
Zorzon et al. (2003) conducted a case-control study among MS patients 
and blood donor controls that could have introduced recall or selection 
bias. The study did not mention if the onset of MS was verified and did not 
adequately describe if vaccination occurred before disease onset. 

The two remaining controlled studies (Ahlgren et al., 2009b; DeStefano 
et al., 2003) were included in the weight of epidemiologic evidence and are 
described below. 
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The study by DeStefano et al. (2003) was described in detail in the 
section on optic neuritis. This case-control study evaluated the association 
between MMR vaccination and MS or optic neuritis onset using data from 
three HMOs participating in the VSD. The MS analysis included 332 cases 
and 722 controls. Although there are a large number of cases and controls, 
the study had high rates of self-reported vaccinations from outside the 
HMO system (64 percent of cases and 65 percent of controls) that could 
not be verified, which may have biased the results. The odds ratio for ever 
vaccinated with MMR before MS onset was 0.9 (95% CI, 0.4-1.8). The 
authors concluded that MMR vaccination does not appear to be associated 
with an increased risk of MS onset in adults. 

Ahlgren et al. (2009b) conducted a case-control study in children born 
in Gothenburg, Sweden, from 1959 through 1986. The MS cases were 
identified from administrative diagnosis registries at Sahlgrenska University 
Hospital and the National Patient Register of the National Board of Health 
and Welfare. The authors reviewed the records and confirmed the MS di- 
agnosis, and enrolled patients who had disease onset at 10 years of age or 
older. The controls were randomly selected from the Gothenburg general 
population register and were born during the same years as the MS patients. 
The study included 206 cases and 888 controls. The immunization histories 
of the study participants were obtained from child health and school health 
records; the authors recorded monovalent and combined measles, mumps, 
and rubella vaccinations. The immunization was classified as “early” if the 
vaccine was given at or before 10 years of age and “late” if the vaccine was 
given after 10 years of age; however, the authors do not state the timing 
of MS onset relative to the vaccination. The odds ratio for MS onset with 
MMR vaccination compared to no MMR vaccination was 1.13 (95% CI, 
0.62-2.05). The odds ratio for MS onset with “early” MMR vaccination 
compared to MMR vaccinations given at other ages was 4.92 (95% CI, 
1.97-12.20). The odds ratio for MS onset with monovalent or combined 
measles, mumps, and rubella vaccinations compared to no vaccination was 
1.22 (95% CI, 0.77-1.92). This final analysis included U.S. vaccine strains, 
as well as Schwarz measles strain found in the monovalent vaccine. The 
authors concluded that measles, mumps, and rubella vaccinations are not 
associated with MS onset, and noted that the increased odds ratio observed 
with early MMR vaccination relative to MMR vaccination given at other 
ages is considered weak evidence owing to the small number of subjects 
(only eight subjects in early vaccination group). A further weakness of this 
study is that the analysis was done combining all age groups, which makes 
it difficult to assess the true association of MMR vaccine and the onset of 
MS in adults. 
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Weight of Epidemiologic Evidence 


Neither of the two case-control studies considered in the assessment 
of the epidemiologic evidence found an association between MMR vac- 
cine and onset of MS in adults. However, there are some concerns about 
the study designs and analyses. DeStefano et al. (2003) did not define a 
specific exposure time and had no short-term assessment in their primary 
analysis. The authors performed secondary analyses considering the timing 
of the MMR vaccination (< 1 year, 1-5 years, and > 5 years) relative to 
the MS onset, which showed no significant association, but they did not 
state how they handled the timing of vaccination for those who had more 
than one MMR vaccine before the onset of MS or when MMR was given 
in combination with other vaccines. Ahlgren et al. (2009b) performed the 
analysis combining all age groups, which makes it difficult to assess the 
true association of MMR vaccine and the onset of MS in adults. Given 
these study limitations and the small number of studies, the committee has 
limited confidence in the overall evidence. See Table 4-6 for a summary of 
the studies that contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision to 
assess an association between MMR vaccine and onset of MS in 
adults. 


Mechanistic Evidence 


The committee identified one publication reporting the onset of MS 
in adults after the administration of rubella vaccine. Behan (1977) did not 
provide evidence beyond temporality. The publication did not contribute 
to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with MS. Autoantibodies, T cells, and molecular mimicry may con- 
tribute to the symptoms of MS; however, the publication did not provide 
evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between MMR vaccine and onset of MS in adults as lacking. 
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Causality Conclusion 


Conclusion 4.13: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and the onset of MS in 
adults. 


MULTIPLE SCLEROSIS ONSET IN CHILDREN 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of onset of MS 
in children after the administration of MMR vaccine. One study (Ahlgren 
et al., 2009a) was not considered in the weight of epidemiologic evidence 
because it lacked an unvaccinated comparison population. 

The one remaining controlled study (Ahlgren et al., 2009b) was in- 
cluded in the weight of epidemiologic evidence and is described below. 

The study by Ahlgren et al. (2009b) was described in detail in the 
section on onset of MS in adults following MMR vaccination. This case- 
control study performed multiple analyses for monovalent and combined 
measles, mumps, and rubella vaccinations. The odds ratio for MS onset 
with MMR vaccination compared to no MMR vaccination was 1.13 (95% 
CI, 0.62-2.05). The odds ratio for MS onset with “early” MMR vaccina- 
tion compared to MMR vaccinations given at other ages was 4.92. (9596 CI, 
1.97-12.20). The odds ratio for MS onset with monovalent or combined 
measles, mumps, and rubella vaccinations compared to no vaccination was 
1.22 (95% CI, 0.77-1.92). This final analysis included U.S. vaccine strains, 
as well as Schwarz measles strain found in the monovalent vaccine. The 
authors concluded that measles, mumps, and rubella vaccinations are not 
associated with MS onset, and noted that the increased odds ratio observed 
with early MMR vaccination relative to MMR vaccination given at other 
ages is considered weak evidence owing to the small number of subjects 
(only eight subjects in early vaccination group). A further weakness of this 
study is that the analysis was done combining all age groups, which makes 
it difficult to assess the true association of MMR vaccine and the onset of 
MS in children. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision to 
assess an association between MMR vaccine and onset of MS in 


children. 
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Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of the onset of MS in children after the adminis- 
tration of MMR vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of MS; however, the committee did not identify literature report- 
ing evidence of these mechanisms after administration of MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and onset of MS in children as 
lacking. 


Causality Conclusion 


Conclusion 4.14: The evidence is inadequate to accept or reject 
a causal relationship between MMR vaccine and onset of MS in 


children. 


GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed five studies to evaluate the risk of GBS after 
the administration of measles or MMR vaccine. These five studies (Bino 
et al., 2003; Esteghamati et al., 2008; Patja et al., 2000, 2001b; Souayah 
et al., 2009) were not considered in the weight of epidemiologic evidence 
because they provided data from passive surveillance systems and lacked 
unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and GBS. 


Mechanistic Evidence 


The committee identified seven publications reporting the development 
of GBS after the administration of vaccines containing measles, mumps, 
and rubella alone or in combination. Patja et al. (2001b) did not report 
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the development of GBS within 6 weeks after administration of MMR 
vaccine. Pritchard et al. (2002) did not report relapse in GBS patients after 
administration of measles, mumps, or rubella vaccines. Tonelli et al. (2005) 
reported the development of GBS after administration of a measles vaccine 
but did not provide clinical, diagnostic, or experimental evidence, including 
the time frame between vaccination and symptom development. Four publi- 
cations did not provide evidence beyond temporality, some too short based 
on the possible mechanisms involved (Grose and Spigland, 1976; Koturoglu 
et al., 2008; Patja et al., 2000; Schessl et al., 2006). One publication also 
reported the concomitant administration of vaccines making it difficult to 
determine which, if any, vaccine could have been the precipitating event 
(Grose and Spigland, 1976). Furthermore, Schessl et al. (2006) reported 
serologic testing suggesting concomitant infections that could contribute to 
the development of GBS. The publications did not contribute to the weight 
of mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, infection with wild-type measles, mumps, or rubella viruses 
has been associated with the development of GBS (Davis, 2008). The com- 
mittee considers the effects of natural infection one type of mechanistic 
evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of GBS. Autoantibodies, comple- 
ment activation, immune complexes, T cells, and molecular mimicry may 
contribute to the symptoms of GBS; however, the publications did not 
provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between MMR vaccine and GBS as weak based on knowl- 
edge about the natural infection. 


Causality Conclusion 


Conclusion 4.15: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and GBS. 


CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of MMR vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and CIDP. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnos- 
tic, or experimental evidence of CIDP after the administration of MMR 
vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to 
the symptoms of CIDP; however, the committee did not identify literature 
reporting evidence of these mechanisms after administration of MMR 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and CIDP as lacking. 


Causality Conclusion 


Conclusion 4.16: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and CIDP. 


OPSOCLONUS MYOCLONUS SYNDROME 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of opsoclonus myoclonus syndrome (OMS) after the adminis- 
tration of MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and OMS. 


Mechanistic Evidence 


The committee identified one publication reporting the development 
of OMS after the administration of rubella vaccine. Lapenna et al. (2000) 
did not provide evidence of causality beyond a temporal relationship of 
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15 days between vaccine administration and development of OMS after 
vaccination. The publication did not contribute to the weight of mecha- 
nistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of OMS. Molecular mimicry may 
contribute to the symptoms of OMS; however, the publication did not 
provide evidence linking this mechanism to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and OMS as lacking. 


Causality Conclusion 


Conclusion 4.17: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and OMS. 


BRACHIAL NEURITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of brachial neuritis after the administration of MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and brachial neuritis. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of brachial neuritis developing after the adminis- 
tration of MMR vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and complement activation may contribute to 
the symptoms of brachial neuritis; however, the committee did not identify 
literature reporting evidence of these mechanisms after administration of 
MMR vaccine. 
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The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and brachial neuritis as lacking. 


Causality Conclusion 


Conclusion 4.18: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and brachial neuritis. 


ANAPHYLAXIS 


Epidemiologic Evidence 


The committee reviewed ten studies to evaluate the risk of anaphylaxis 
after the administration of MMR vaccine. These ten studies (Al Awaidy 
et al., 2010; Bino et al., 2003; Bohlke et al., 2003; D’Souza et al., 2000; 
DiMiceli et al., 2006; Khetsuriani et al., 2010; Nakayama et al., 1999; 
Patja et al., 2000; Peng and Jick, 2004; Planchamp et al., 2009) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems or lacked unvaccinated comparison 
populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified 11 publications describing clinical, diagnostic, 
or experimental evidence of anaphylaxis after the administration of vac- 
cines containing measles, mumps, and rubella alone or in combination that 
contributed to the weight of mechanistic evidence. These publications are 
described below. 

Aukrust et al. (1980) reported six cases of anaphylaxis postvacci- 
nation against measles. Case 1 describes a 12-month-old girl presenting 
with cough, dyspnea, and cyanosis. Case 2 describes a 14-month-old boy 
presenting with stridor, urticaria, angioedema, dyspnea, and shock. Case 
3 describes a 15-month-old boy presenting with dyspnea, stridor, shock, 
angioedema, urticaria, and cyanosis. Case 4 describes an 18-month-old 
girl presenting with urticaria, angioedema, cyanosis, and erythema, who 
was found to have a positive skin test to the vaccine. Case 5 describes a 
16-month-old boy presenting with dyspnea, urticaria, erythema, and cya- 
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nosis. Case 6 describes a 14-month-old girl presenting with angioedema, 
stridor, dyspnea, vomiting, and erythema. 

Baxter (1996) reported the vaccination of 200 egg-allergic children 
with either a measles or a measles, mumps, and rubella vaccine. Three vac- 
cines were used in the study; two using different viral strains than those 
distributed in the United States. The remaining vaccine included the U.S. 
viral strains. One 15-month-old patient developed a positive wheal-and- 
flare response within 10 minutes of the skin prick test. The patient also de- 
veloped a local reaction with urticarial lesions, hypotension, diarrhea, and 
irritability within 10 minutes of the intradermal test. The vaccine eliciting 
the response was not indicated. 

Bohlke et al. (2003) studied anaphylaxis postvaccination using records 
from participants in the VSD from 1991 through 1997. The authors report 
three cases of anaphylaxis in patients receiving a measles, mumps, and 
rubella vaccine out of 848,945 doses administered. Case 1 (case 2 in the 
report) describes a 16-month-old presenting with wheezing, tachycardia, 
rash, and erythema within 1 hour after vaccination with MMR. The two 
other children (cases 3 and 5 in the report) presented with symptoms con- 
sistent with anaphylaxis but received vaccines in addition to MMR. 

Erlewyn-Lajeunesse et al. (2008) reported two cases of anaphylaxis 
after administration of a rubella vaccine containing the RA 27/3 rubella 
strain and one case after administration of a measles vaccine containing the 
Schwarz strain. Case 1 describes a 15-month-old presenting with cyanosis, 
tachypnea, and angiodema less than 15 minutes after vaccination with the 
Schwarz-containing measles vaccine. Case 2 describes an 18-month-old pre- 
senting with stridor, erythema, and vomiting less than 5 minutes after vac- 
cination with rubella vaccine. Case 3 describes a 20-month-old presenting 
with wheezing, cough, vomiting, and a flushed feeling less than 5 minutes 
after rubella vaccination. 

Fasano et al. (1992) reported two cases of anaphylaxis after admin- 
istration of a measles, mumps, and rubella vaccine in individuals with no 
history of allergy to egg or chicken meat. Case 1 describes an 8-year-old girl 
presenting with facial edema, throat tightening, hypotension, and wheez- 
ing 15 minutes after vaccination. Postvaccination the patient developed 
positive responses to intradermal tests against the MMR, measles, mumps, 
and rubella vaccines. The patient did not develop a response to either an 
intradermal test against neomycin or skin prick tests against the MMR, 
measles, mumps, and rubella vaccines and egg. Laboratory tests showed a 
serum IgE level of 57 IU/L. Case 2 describes a 10-year-old boy presenting 
with facial edema, wheezing, and generalized urticaria within 5 minutes 
after vaccination. Postvaccination the patient developed a positive response 
to skin prick tests against the MMR, measles, mumps, and rubella vaccines. 
The patient did not develop a response to skin prick tests against egg or 
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neomycin. Laboratory tests showed a serum IgE level of 583 IU/L and an 
anti-MMR IgE level of 0.088 ng/ml. In addition, the patient developed mild 
wheezing after vaccination against MMR at 15 months of age. 

Giampietro et al. (1993) reported one case of anaphylaxis developing 
after administration of a measles vaccine containing the Edmonston-Zagreb 
strain. The patient was a 2-year-old boy presenting with severe dyspnea, lip 
cyanosis, and rhinoconjunctivitis within a few minutes after vaccination. 
The patient developed positive responses to skin prick tests against cow's 
milk and egg prior to vaccination. 

Herman et al. (1983) reported two cases of anaphylaxis developing 
after administration of MMR vaccine. Case 1 describes a 15-month-old 
boy, with a history of egg sensitivity, presenting with angioedema, respira- 
tory difficulty, and generalized urticaria within 1 minute after vaccination. 
Case 2 describes a 15-month-old boy, with a history of egg hypersensitivity, 
presenting with wheezing, angioedema, and generalized urticaria within 2 
minutes after vaccination. Both patients were found to have IgE antibodies 
to ovalbumin, measles vaccine, and MMR vaccine. 

Kelso et al. (1993) described a 17-year-old girl presenting with pruri- 
tus, hives, swelling of the hands and face, rhinorrhea, and the sensation of 
choking 10 minutes after vaccination against measles, mumps, and rubella. 
The patient was treated with epinephrine and diphenhydramine leading to 
some resolution of the hives and swelling. The patient complained of throat 
tightness 90 minutes later. The patient had positive responses to skin prick 
tests against the MMR vaccine and unflavored number one, lime, cherry, 
and orange gelatins. Furthermore, laboratory tests showed elevated levels 
of IgE antibodies to gelatin and the MMR vaccine. 

Patja et al. (2001a) performed a prospective follow-up of adverse 
events reported to a passive surveillance system in Finland from November 
1982 through December 1996. Out of 2.99 million doses of the MMR vac- 
cine administered, 18 cases of anaphylaxis developing within 15 minutes 
after vaccination were identified. Eight cases of anaphylaxis developed after 
the first dose of vaccine while 10 developed after the second dose. Labora- 
tory tests showed IgE antibodies to gelatin in two patients, IgE antibodies 
to egg in one patient, and IgE antibodies to chicken in one patient. These 
cases were also reported in a study by Patja et al. (2000), using data from 
the same passive surveillance system in Finland. 

Pool et al. (2002) identified 57 patients in the Vaccine Adverse Event 
Reporting System (VAERS) database from 1991 through 1997 who devel- 
oped anaphylaxis after MMR or measles vaccination. The authors reported 
that 34 individuals had a history of sensitivity to food, environmental 
allergens, or drugs. Twenty-two cases provided a serum sample for IgE 
testing. Of these, 2 received a measles single antigen vaccine alone, 11 
received MMR vaccine alone, and 9 received MMR with one or two other 
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vaccines. Five individuals received the first dose of vaccine without incident. 
Six cases in which a measles vaccine or an MMR vaccine was administered 
alone were reported in detail. Case 1 described a 4-year-old boy, with a 
history of egg allergy, presenting with facial flushing, hypotension, cough 
without wheezing, and hives within 10 minutes after receiving an MMR 
vaccine. Laboratory tests on the patient’s serum showed IgE antibodies to 
egg and gelatin. Case 2 described a 17-year-old girl presenting with wheez- 
ing, trouble swallowing, and swollen lips within 2 minutes after receiving 
an MMR vaccine. The patient’s serum showed IgE antibodies to gelatin. 
Case 3 described a 12-year-old boy presenting with rhinorrhea, sneezing, 
hives, and tachycardia within 10 minutes after receiving an MMR vaccine. 
The patient’s serum was positive for antigelatin IgE. Case 10 described a 
15-year-old girl, with a history of allergies to pork and lamb, presenting 
with a rash on the neck and abdomen, edema, redness of the face, coughing, 
and an itchy throat 15 minutes after receiving an MMR vaccine. The pa- 
tient’s serum was positive for IgE antibodies to measles. Case 13 described 
a 15-month-old boy presenting with generalized flushing, facial edema, 
and upper body urticaria immediately after receiving an MMR vaccine 
and 5 minutes after receiving a HiB vaccine. The patient's serum showed 
antigelatin IgE. Case 14 described a 23-year-old man presenting with vi- 
sual disturbances, numbness to the lips, flushing, and difficulty swallowing 
30 minutes after receiving a measles vaccine. The patient's serum showed 
antigelatin IgE. 

Puvvada et al. (1993) reported two cases of systemic reactions develop- 
ing after intradermal testing with a measles, mumps, and rubella vaccine. 
Case 1 described an 11-month-old boy, with a history of sensitivity to egg, 
presenting with generalized urticaria and pruritus after undergoing an intra- 
dermal test using a 1:100 dilution of a measles, mumps, and rubella vaccine. 
Case 2 described a 22-month-old girl, with a history of egg allergy, present- 
ing with dyspnea and wheezing within 30 minutes of undergoing an intra- 
dermal test using a 1:100 dilution of a measles, mumps, and rubella vaccine. 

Additional publications reported humoral or cellular immune responses 
to gelatin in patients developing anaphylaxis after administration of a 
vaccine containing measles, mumps, and rubella alone or in combination; 
the vaccines contained viral strains not used in vaccines distributed in the 
United States (Kumagai et al., 1997; Sakaguchi et al., 1997, 1999a,b). 
Kumagai et al. (1997) reported the development of gelatin-specific humoral 
and cellular immune responses in six patients developing anaphylactic 
symptoms postvaccination. Laboratory tests showed all six patients devel- 
oped positive IgE responses to gelatin and positive responses to a gelatin- 
specific IL-2 responsiveness assay. 

Sakaguchi et al. (1997) reported that one patient (case 2 in the report) 
had antigelatin IgE when tested immediately after developing anaphylactic 
symptoms after a measles vaccination. The authors also report that a sec- 
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ond patient (case 3 in the report) had a high level of antigelatin IgE when 
tested 8 days after developing anaphylactic symptoms after a mumps vac- 
cination. Furthermore, both patients were positive for IgE antibodies to 
egg white; however, the levels changed little during the observation period. 

Sakaguchi et al. (1999b) reported on the reactivity of IgE to the a1 
and «2 chains of bovine type I collagen. The authors reported that 10 pa- 
tients who developed symptoms of anaphylaxis after a measles, mumps, or 
rubella vaccination were positive for IgE to gelatin and to type I collagen. 
Furthermore, IgE from all 10 patients reacted with the 02. chain and not 
the a1 chain. 

Sakaguchi et al. (1999a) reported on the reactivity of IgE from 10 
bovine-gelatin-sensitive children that developed anaphylaxis postvaccina- 
tion. Most of the children had IgE specific to porcine gelatin as well as other 
mammals. Furthermore, sera from three children were used to sensitize 
mast cells. After sensitization the mast cells released histamine upon chal- 
lenge with bovine gelatin. 

Hori et al. (2002) used serum samples from 15 patients with systemic 
immediate type reactions, including anaphylaxis postvaccination, to ana- 
lyze the binding sites of IgE to the o2 chain in bovine type I collagen. The 
authors used IgE-enzyme-linked immunosorbent assay (ELISA) inhibition 
to delineate a 10-amino acid sequence in the 02 chain as the minimum IgE 
epitope of gelatin allergen. 


Weight of Mechanistic Evidence 


The publications described above presented clinical and experimental 
evidence sufficient for the committee to conclude the vaccine was a contrib- 
uting cause of anaphylaxis after administration of vaccines containing mea- 
sles, mumps, and rubella alone or in combination. The clinical descriptions 
provided in many of the publications establish a strong temporal relation- 
ship between administration of the vaccine and the anaphylactic reaction. 
In addition, several publications report evidence of allergy or IgE sensitivity 
to gelatin providing mechanistic evidence for the cause of the reaction in 
some patients. Gelatin in the MMR vaccine distributed in the United States 
is in a hydrolyzed form; the extent to which gelatin is hydrolyzed could vary 
from one vaccine lot to another and affect the development of anaphylaxis. 
Some patients are allergic to either bovine or porcine gelatin, but not both 
(Bogdanovic et al., 2009). Although there is considerable cross-reactivity 
between bovine and porcine gelatin, testing for antibody to one gelatin 
alone is not necessarily predictive of allergy to the other and may not be 
predictive of reactivity to the gelatin in MMR vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between MMR vaccine and anaphylaxis as strong based on 
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43 cases? presenting temporality and clinical symptoms consistent 
with anaphylaxis. 


Causality Conclusion 


Conclusion 4.19: The evidence convincingly supports a causal re- 
lationship between MMR vaccine and anaphylaxis. 


TRANSIENT ARTHRALGIA IN WOMEN 


Epidemiologic Evidence 


The committee reviewed five studies to evaluate the risk of transient 
arthralgia in women after the administration of rubella vaccine. One con- 
trolled study (Polk et al., 1982) had very serious methodological limitations 
that precluded its inclusion in this assessment. Polk et al. (1982) selected 
controls from a different population than the exposed group and provided 
limited detail on the selection criteria. 

The four remaining controlled studies (Mitchell et al., 1998; Ray et al., 
1997; Slater et al., 1995; Tingle et al., 1997) were included in the weight 
of epidemiologic evidence and are described below. 

Slater et al. (1995) conducted a retrospective cohort study in women 
enrolled from 1985 through 1990 in the Ministry of Health Mother-Child 
Health (MHC) stations in Israel. The exposed group was composed of 485 
women who received RA 27/3 strain rubella vaccine postpartum because 
of absent or nonprotective antibody titers. The control group included 493 
women who were not vaccinated postpartum because of adequate anti- 
body levels. The control group was selected from the same MHC stations 
and matched with vaccinated women for neighborhood of residence, date 
woman gave birth, and age. However, there were ethnic differences between 
the exposed and control groups. Telephone interviews were completed dur- 
ing 1992-1993 to evaluate the onset of joint symptoms within 4 months 
of vaccination; women reporting symptoms were invited to participate in 
personal interviews. Since interviews were conducted several years after 
vaccination, one limitation of this study was the dependence on subject 
recall to report symptoms. During the study period, four cases of arthralgia 
were reported among the exposed group (0.8 percent), compared to three 
cases in the control group (0.6 percent). The differences were not statisti- 
cally significant. The authors concluded that no association was present 





5Some cases were from passive surveillance systems; however, it was not possible to know 
how many represented unique cases or were reported elsewhere. 
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between vaccination with RA 27/3 strain rubella and the development of 
arthralgia in postpartum women. 

Ray et al. (1997) conducted a retrospective cohort study in women 
(aged 15 to 59 years) enrolled in the Northern California Kaiser Per- 
manente Health Plan. Medical records were reviewed to identify women 
who had serological testing for rubella IgG antibody from 1990 through 
1991, and received rubella vaccine within 1 year of testing. A total of 971 
seronegative, vaccinated women were defined as the exposed group. The 
authors identified two control groups for comparison: 2,421 seropositive, 
unvaccinated women served as age-matched controls, and 924 seronegative, 
unvaccinated women were used as unmatched controls. Arthropathies or 
joint complaints (labeled as acute, chronic, or traumatic, but not defined 
in the study) were identified in inpatient and outpatient records, and con- 
firmed by a rheumatologist. No significant differences in the prevalence of 
arthropathies were found between the exposed group and either compari- 
son group. Of the five conditions reported in the vaccine group, four were 
labeled as acute arthralgia and one was indeterminate. Only one acute 
event was seen in the seropositive, unvaccinated control group. The authors 
concluded that vaccination with RA 27/3 strain rubella does not appear to 
increase the prevalence of acute arthropathies in women, but they noted 
the study’s limitation to detect mild symptoms for which women are less 
likely to seek medical care. 

Tingle et al. (1997) conducted a double-blind, randomized controlled 
trial in rubella-seronegative women living in Vancouver, Canada. A total 
of 546 postpartum women (0-12 weeks postpartum) were enrolled in the 
study from 1989 through 1992. The women were randomly assigned to 
receive live attenuated monovalent RA 27/3 strain rubella-virus vaccine 
(270 participants) or saline placebo (276 participants). The presence of 
arthropathy was evaluated 4 weeks and 12 months after vaccination with 
a home visit from a research nurse, and also by telephone at 3, 6, and 9 
months after vaccination. The odds ratio for the frequency of acute ar- 
thralgia or arthritis among postpartum women receiving RA 27/3 strain 
rubella vaccine compared to placebo was 1.73 (95% CI, 1.17-2.57). Acute 
arthralgia was reported in 21 and 16 percent of women receiving rubella 
vaccine and placebo, respectively. The authors concluded that rubella vac- 
cine was significantly associated with the development of acute arthralgia 
in postpartum women. 

Mitchell et al. (1998) conducted a post-hoc analysis of the data pro- 
vided in Tingle et al. (1997). The study explored the influences of immu- 
nogenetic background on the development of acute arthropathy (arthralgia 
and arthritis) in postpartum women receiving RA 27/3 strain rubella vac- 
cine. Genetic typing for HLA-DR was performed for 283 of the original 
313 white women that were enrolled in the vaccine and placebo groups. 
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This subgroup analysis revealed that higher frequencies of DR2 (OR, 4.8; 
95% CI, 1.2-18.8) and DRS (OR, 7.5; 95% CI, 1.5—37.5) were associated 
with an increased risk of women developing acute arthropathy after rubella 
vaccine during the postpartum period. The authors concluded that certain 
DR2 and DRS alleles may influence the development of acute arthropathy 
in postpartum women receiving rubella vaccine. 


Weight of Epidemiologic Evidence 


Of the four studies described above, Tingle et al. (1997) most influ- 
enced the committee’s judgment. The randomized trial by Tingle et al. 
(1997) involved active monitoring of subjects in the month following the 
injection, and found a statistically significant increase in the rate of acute 
arthralgia among the immunized group. The studies by Ray et al. (1997) 
and Slater et al. (1995) did not find a significant increased risk of acute 
arthralgia in the immunized group, but since the studies did not conduct 
active monitoring of the subjects they could easily have failed to recognize 
the presence of this symptom. See Table 4-7 for a summary of the studies 
that contributed to the weight of epidemiologic evidence. 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on four studies with sufficient validity 
and precision to assess an association between rubella vaccine and 
transient arthralgia in women; these studies generally report an 
increased risk. 


The epidemiologic evidence is insufficient or absent to assess an 
association between measles or mumps vaccine and transient ar- 
thralgia in women. 


Mechanistic Evidence 


The committee identified 16 publications describing transient arthralgia 
in women after the administration of vaccines containing measles and 
rubella alone or in combination. Harcourt et al. (1979) did not find a cor- 
relation between the development of joint symptoms and human leukocyte 
antigens after rubella vaccination. Five publications did not provide evi- 
dence beyond temporality and therefore did not contribute to the weight 
of mechanistic evidence (Dudgeon et al., 1969; Grillner et al., 1973; Seager 
et al., 1994; Tingle et al., 1986, 1989). Two publications reported symp- 
toms of arthralgia after vaccination but did not differentiate between men 
and women (Freestone et al., 1971; Simon et al., 2007). Three publica- 
tions reported symptoms of arthralgia but did not indicate the duration 
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of symptoms (Gershon et al., 1980; Simon et al., 2007; Zimmerman and 
Pellitieri, 1994). In addition, Zimmerman and Pellitieri (1994) reported 
the concomitant administration of vaccines making it difficult to determine 
which, if any, vaccine could have been the precipitating event. Valensin 
et al. (1987) was not included in the review because the mean age of the 
vaccinated individuals was 12 years, and the few patients aged 18 and 
above were not identified. These reports did not contribute to the weight 
of mechanistic evidence. 

Described below are four publications describing clinical, diagnostic, or 
experimental evidence that contributed to the weight of mechanistic evidence. 

Best et al. (1974) studied 36 women who were seronegative by hemag- 
glutination inhibition (HAI) assay who received the RA 27/3 rubella vac- 
cine. The authors reported the development of transient arthralgia in 9 of 
the 36 seronegative women after vaccination and transient arthritis in 6 of 
the 36 women. The joint symptoms usually commenced between days 13 
and 21. The symptoms lasted as long as 8 days. Thirteen of the 36 subjects 
were tested for rubella viral excretion by culture of nasal and pharyngeal 
swabs. Seven of the 13 subjects tested were positive for rubella viral excre- 
tion between days 11 and 26. 

The study by Mitchell et al. (1998) was described in detail in the epide- 
miologic evidence section on transient arthralgia in women. All 283 white 
vaccinees included in this study were seronegative by enzyme immunoassay 
(EIA) (Abbott) prior to vaccination. Patients developing arthralgia postvac- 
cination expressed higher frequencies of the human leukocyte antigens, 
DR2, DRS, and DR7, but lower frequencies of DR4 and DR6 compared to 
the frequency of these alleles in women with arthralgia who had received 
a placebo, not the rubella vaccine. When examining the frequency of acute 
arthalgia, subjects with DR1, DR2, DRS, and DR7 had a higher rate of 
acute arthralgia after rubella vaccination than did subjects with these hap- 
lotypes after placebo. 

Mitchell et al. (2000) reported the development of acute and chronic 
arthralgia and arthritis in a subset of 18- to 41-year-old women within 28 
days after rubella vaccination, which contained RA 27/3. All the subjects 
were initially considered seronegative based on a result of < 0.999 in the 
Rubazyme EIA assay (Abbott Laboratories). Additional testing of the pre- 
vaccine samples for the presence of antirubella antibodies found that several 
subjects had rubella-specific IgG suggesting prior exposure to rubella virus. 
Of the subjects, the ones who developed acute and chronic arthralgia and 
arthritis were those who had previously been exposed but had the lowest 
levels of prevaccine antibodies as measured by the additional techniques. 
This suggests that the inability to respond to wild-type rubella during previ- 
ous exposures is associated with arthropathy after the vaccine. 

Tingle et al. (1983) reported six cases of transient arthralgia post- 
vaccination with rubella vaccine. None of the patients had been previously 
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immunized against rubella. All six were seronegative, based on an HAI 
assay, prior to vaccination but were later found to have had antibodies 
prevaccination based on an ELISA assay. 


Weight of Mechanistic Evidence 


Arthritis and arthralgia have been reported to develop as complica- 
tions in as many as one third of women with wild-type rubella infection 
(Gershon, 2010b). The committee considers the effects of natural infec- 
tion one type of mechanistic evidence. 

In addition, the four publications described above, when considered 
together, presented clinical evidence sufficient for the committee to conclude 
the vaccine may be a contributing cause of transient arthralgia in women. 
Evidence of direct rubella infection was presented in one case (Best et al., 
1974). Furthermore, three publications suggest that host factors may be 
involved, particularly the inability to mount a robust immune response to 
rubella and the expression of certain HLA-DR haplotypes in cases of acute 
arthralgia after rubella vaccination (Mitchell et al., 1998, 2000; Tingle 
et al., 1983). The failure to differentiate between wild-type and vaccine 
strains of rubella, where virus was demonstrated, as well as the failure to 
demonstrate virus in joints, detracted from the weight of evidence. 

The isolation of rubella virus, expression of certain HLA-DR hap- 
lotypes, and inadequate antibody response after vaccination suggests di- 
rect infection to be the mechanism for transient arthralgia in women 
after rubella vaccination. Autoantibodies, T cells, immune complexes, and 
complement activation may contribute to arthralgia as well; however, the 
publications did not provide evidence linking these mechanisms to MMR 
vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between rubella vaccine and transient arthralgia in women 
as intermediate based on clinical evidence and 13 cases. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between measles or mumps vaccine and transient arthralgia 
in women as lacking. 


Causality Conclusion 


Conclusion 4.20: The evidence favors acceptance of a causal re- 
lationship between MMR vaccine and transient arthralgia in 
women. 





©The committee attributes causation to the rubella component of the vaccine. 
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TRANSIENT ARTHRALGIA IN CHILDREN 


Epidemiologic Evidence 


The committee reviewed 12 studies to evaluate the risk of transient ar- 
thralgia in children after the administration of vaccines containing measles, 
mumps, and rubella alone or in combination. Four studies (Bino et al., 
2003; D'Souza et al., 2000; Ion-Nedelcu et al., 2001; Vahdani et al., 2005) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems and lacked unvaccinated 
comparison populations. One controlled study (Black et al., 1976) had 
very serious methodological limitations that precluded its inclusion in this 
assessment. Black et al. (1976) conducted a small study (35 participants) 
that reported arthralgias in 26 percent of the vaccinated group, but only 
boys were vaccinated in this study and girls were the comparison group. 

The seven remaining controlled studies (Benjamin et al., 1992; Davis 
et al., 1997; dos Santos et al., 2002; Heijstek et al., 2007; LeBaron et al., 
2006; Peltola and Heinonen, 1986; Virtanen et al., 2000) contributed to the 
weight of epidemiologic evidence and are described below. 

Peltola and Heinonen (1986) conducted a double-blind, controlled 
crossover study in 581 twin pairs who received MMR vaccine from No- 
vember 1982 through October 1983 in Finland. The vaccines were color- 
coded and administered blind to the participants (aged 14 months to 6 
years). One twin of each pair received vaccine at the first visit, then was 
given placebo 3 weeks later; similarly, one twin received placebo at the first 
visit and vaccine 3 weeks later. The participants were given color-coded 
questionnaires at both visits and asked to report any symptoms for 21 days 
following vaccine or placebo administration. The maximum difference in 
rate of arthropathy between the MMR vaccine and placebo groups was 
0.8 percent (95% CI, 0.2-1.3%), with a peak frequency 7 to 9 days after 
vaccination. The authors noted the sample size was powered to detect low 
frequencies of adverse events, but rare reactions were difficult to study with 
this small sample. 

Virtanen et al. (2000) conducted a reanalysis of the double-blind, con- 
trolled crossover study from Peltola and Heinonen (1986). In the reanalysis, 
adverse events from the questionnaires were reported in two age groups: 
group 1 included twins 14-18 months of age, and group 2 included twins 6 
years of age. The adjusted odds ratio for arthralgia in the 14- to 18-month 
age group within 21 days following MMR vaccination was 3.66 (9596 CI, 
1.74-7.70). Arthralgia was also associated with MMR vaccination in the 
6-year age group, but an odds ratio was not provided. 

Benjamin et al. (1992) conducted a retrospective cohort study in chil- 
dren from the South Manchester Health District of the United Kingdom. 
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The exposed group included 1,588 children who received MMR vaccine 
during July 1989 through February 1990. The control group was composed 
of 1,242 children eligible for MMR vaccination during this same period 
but who remained unvaccinated. The parents of the vaccinated children 
were sent a self-report questionnaire 6 weeks after the vaccination date 
and were asked to describe any joint symptoms. The same questionnaire 
was sent to parents of the control group. If a parent reported one or more 
joint symptoms within the last 6 weeks, the child was visited at home by 
a clinician and the parent’s responses were validated. The clinician was 
aware of the child’s vaccination status, and the authors note this could 
have introduced bias in the diagnosis of arthralgia. The vaccinated group 
and control group achieved a 78 percent and 64 percent response rate, re- 
spectively; however, the authors did not compare the characteristics of the 
excluded children with the remaining study participants. The relative risk 
of children experiencing arthralgia within 6 weeks of MMR immunization 
was 4.2 (95% CI, 1.2-14.3). The authors concluded that MMR vaccination 
was associated with an increased risk of arthralgia in children, but noted 
the wide confidence interval. 

The study by Davis et al. (1997) was described in detail in the section 
on afebrile seizures. This retrospective cohort study examined the occur- 
rence of joint pain 30 days after MMR vaccination in children (4-6 and 
10-12 years of age) enrolled in the GHC and NCK HMOs from March 
1991 through December 1994. The 10- to 12-year-olds reported more 
chart-confirmed visits for joint pain during the risk period (13 cases) com- 
pared to the control period (6 cases). The majority of joint pain visits were 
for acute events. No joint pain visits were reported among the 4- to 6-year- 
olds in the risk period or control period. The authors concluded that MMR 
immunization is associated with an increased risk of joint pain in the 10- to 
12-year age group. 

dos Santos et al. (2002) conducted a double-blind, randomized con- 
trolled trial in schoolchildren (6 to 12 years old) selected from 70 public 
and private schools in Porto Alegre and Santa Maria, Brazil. The partici- 
pants were randomly separated into four groups: (1) Tresivac was labeled 
vaccine A and administered to 2,226 children; (2) MMR II was labeled 
vaccine B and administered to 2,216 children; (3) Trimovax was labeled 
vaccine C and administered to 2,179 children; and (4) 3,521 children were 
assigned to a control group that did not receive an MMR vaccine. Vac- 
cines were administered at the schools from August through September 
1996. While the students and health professionals were blind to the type 
of vaccine, the control group was not blinded and was aware of the group 
assignment. Nurses visited the schools daily over 30 days and recorded any 
clinical events observed in the vaccinated or control groups. Home and 
hospital visits were also used when a student was absent from school. Over 
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the 30-day period, eight joint reactions were reported in the MMR II group, 
compared to none reported in the control group. Most of these reactions 
were transient arthralgia, and 65 percent were reported in women. 

LeBaron et al. (2006) conducted a self-controlled case series (case- 
crossover) study in 1,800 children receiving care at the Marshfield Clinic 
in Wisconsin. The patients were enrolled prospectively over 2 years and 
were separated into three age groups: (1) children aged 12 to 24 months 
who received a first dose of MMR vaccine; (2) children aged 4 to 6 years 
who received a second dose of MMR vaccine; and (3) children aged 10 to 
12 years who received a second dose of MMR vaccine. The family of each 
participant was given a prevaccination diary that was completed 2 weeks 
before vaccination, which served as the control period. The risk period 
was defined as 4 weeks after vaccination, and a postvaccination diary was 
given to the family to record any symptoms during this time. No significant 
increases in joint problems were reported in any of the three groups after 
MMR vaccination. Even though no significant change was reported, the 
small sample size was inadequate to detect a rare adverse event, and there 
were limitations in the use of patient diaries. 

Heijstek et al. (2007) conducted a retrospective cohort study in patients 
with juvenile idiopathic arthritis (JIA) born from 1989 through 1996 in the 
Netherlands. The enrolled patients (8-9 years of age) provided their date of 
MMR vaccination, and missing dates were obtained from the National Vac- 
cination Institute. Their disease activity was measured by counts of joints 
with active arthritis, the Physician’s Global Assessment scale, and the eryth- 
rocyte sedimentation rate. A total of 108 patients received MMR vaccine; 
86 patients were eligible but not vaccinated against MMR. The nonadjusted 
odds ratio for flares in JIA patients within 6 months of MMR vaccination 
was 1.7 (95% CI, 0.9-3.3). Adjusting for JIA type and medication use by 
propensity scoring, the adjusted odds ratio for flares within 6 months of 
MMR vaccination was 1.4 (95% CI, 0.7-2.9). The study also included a 
self-controlled case series analysis among 207 patients (unknown age range) 
who received MMR vaccine. The number of flares experienced 6 months 
before vaccination was compared to the disease activity 6 months after vac- 
cination. Before MMR vaccination, 40 flares occurred in 36 patients, which 
was lower than the 56 flares reported in 50 patients after vaccination. 
The authors concluded that the risk of active disease was not significantly 
increased by MMR vaccination; however, they noted the limitations of a 
retrospective study design, the limited power to detect a significant associa- 
tion, and the likely presence of residual bias in the data set. 


Weight of Epidemiologic Evidence 


Of the seven studies considered in this analysis, five had negligible 
limitations, and two of these (Peltola and Heinonen, 1986; Vertanen et al., 
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2000) were analyses of the same controlled crossover study. The studies 
consistently report an increased risk of transient arthralgia following MMR 
vaccination in children, with some limitations. The evidence includes (a) the 
controlled crossover study of twins in Peltola and Heinonen (1986) and 
Virtanen et al. (2000) that noted an increased risk of arthralgia following 
vaccination; (b) the retrospective cohort study of Benjamin et al. (1992) with 
increased risk though wide confidence interval; (c) the retrospective cohort 
study of Davis et al. (1997) that observed an increased risk of arthralgia 
following MMR among those 10-12 years of age, but not among the 
smaller group of children 4-6 years of age studied; and (d) the randomized 
controlled trial of dos Santos et al. (2002) that observed rare arthralgias 
but only among the vaccinated group. Two studies that failed to observe an 
association had low power (Heijstek et al., 2007), limited generalizability 
(Heijstek—with a focus exclusively on patients with JIA), and limited con- 
trol for confounding (LeBaron et al., 2006). See Table 4-8 for a summary of 
the studies that contributed to the weight of epidemiologic evidence. 


The committee bas a moderate degree of confidence in the epide- 
miologic evidence based on seven studies witb sufficient validity 
and precision to assess an association between MMR vaccine and 
transient arthralgia in children; these studies consistently report an 
increased risk. 


Mechanistic Evidence 


The committee identified seven publications of transient arthralgia in 
children after the administration of rubella or MMR vaccine. The publica- 
tions did not provide evidence beyond temporality (Balfour et al., 1976; 
Bottiger et al., 1974; Cassidy et al., 2005; Poyner et al., 1986; Valensin 
et al., 1987; Weibel et al., 1980a,b). In addition, Cassidy et al. (2005) 
reported the concomitant administration of vaccines making it difficult to 
determine which, if any, vaccine could have been the precipitating event. 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, arthritis and arthralgia have been reported as a complication 
of wild-type rubella infection in children (Gershon, 2010b). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of arthralgia. Autoantibodies, T 
cells, immune complexes, direct viral infection, and complement activation 
may contribute to arthralgia; however, the publications did not provide 
evidence linking these mechanisms to MMR vaccine. 
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The committee assesses the mechanistic evidence regarding an asso- 
ciation between rubella vaccine and transient arthralgia in children 
as weak based on knowledge about the natural infection. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between measles or mumps vaccine and transient arthralgia 
in children as lacking. 


Causality Conclusion 


Conclusion 4.21: The evidence favors acceptance of a causal 
relationship between MMR vaccine and transient arthralgia in 


children. 


CHRONIC ARTHRALGIA IN WOMEN 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of chronic 
arthralgia in women after the administration of rubella vaccine. These two 
controlled studies (Ray et al., 1997; Tingle et al., 1997) contributed to the 
weight of epidemiologic evidence and are described below. 

Ray et al. (1997) conducted a retrospective cohort study that is de- 
scribed in detail in the section on transient arthralgia in women. None of 
the seronegative, vaccinated women were diagnosed with chronic arthropa- 
thy during the study period. The authors concluded that vaccination with 
the RA 27/3 strain of rubella does not appear to increase the prevalence of 
persistent joint symptoms in women, but noted the sample size limited the 
ability to assess an association. 

The study by Tingle et al. (1997) was described in detail in the section 
on transient arthralgia in women. The authors defined persistent arthropa- 
thy as the “occurrence of arthralgia or arthritis at any time during the 12 
months after vaccination in women who experienced acute arthropathy 
and for whom joint complaints could not be attributed to other causes” 
(Tingle et al., 1997). This randomized controlled trial reported an odds 
ratio of 1.59 (95% CI, 1.01-2.45) for the frequency of persistent arthralgia 
or arthritis among postpartum women receiving rubella vaccine compared 
to placebo. This comparison included 268 vaccine participants and 275 
placebo participants that completed 1 month to 12 months of follow-up. 
The authors concluded that marginally significant differences of persistent 
arthralgia or arthritis occurred after rubella vaccination, and a study with 
more participants would be necessary to establish an association. 
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Weight of Epidemiologic Evidence 


The two studies described above had negligible limitations but incon- 
sistent results; one study had limited generalizability. A large retrospective 
cohort study (Ray et al., 1997) with appropriately defined exposed and 
control groups found no evidence of an association between immunization 
and chronic arthropathy. A randomized controlled trial (Tingle et al., 1997) 
involving a moderate number of postpartum women with careful follow- 
up by both history and physical examination, and appropriate adjustment 
for confounders, did find higher rates of persistent arthralgia or arthritis 
among the immunized group, but the difference was of marginal statisti- 
cal significance. Additionally, this trial was restricted to one subgroup of 
women (postpartum period) when the physiologic milieu is quite different 
from other times in a woman’s life. See Table 4-9 for a summary of the 
studies that contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision to 
assess an association between rubella vaccine and chronic arthral- 
gia in women. 


The epidemiologic evidence is insufficient or absent to assess an 
association between measles or mumps vaccine and chronic ar- 
thralgia in women. 


Mechanistic Evidence 


The committee identified eight publications describing chronic arthral- 
gia in women after the administration of rubella or MMR vaccine. Five 
publications did not provide evidence beyond temporality and therefore did 
not contribute to the weight of mechanistic evidence (Boling, 1980; Frenkel 
et al., 1996; Tingle et al., 1986, 1989; Weibel and Benor, 1996). 

Described below are three reports describing clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Mitchell et al. (1993) reported two cases of chronic arthralgia devel- 
oping after vaccination with rubella strain RA 27/3. Significant in these 
cases is the finding of rubella virus RNA in the peripheral blood long after 
vaccination. Case 1 describes a 22-year-old postpartum woman presenting 
with aching in the wrists that worsened as the day progressed 5-6 weeks 
after receiving a rubella vaccine. Over the next 3 months the arthralgias 
evolved to include the neck, elbows, wrists, and knees. Four months 
postvaccination the patient was hospitalized for fever, diffuse rashes, and 
worsening joint pain. Serologic studies were negative for cytomegalovirus 
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and hepatitis B virus, positive for Epstein-Barr virus, and weakly positive 
for parvovirus B19. The patient did not produce antirubella neutral- 
izing antibodies. Rubella virus RNA was detected by PCR in peripheral 
blood mononuclear cells 10 months postvaccination. The patient began 
treatment with prednisone 6 months postvaccination and was asymptom- 
atic 20 months postvaccination. Case 2 describes a 26-year-old woman 
presenting with an erythematous maculopapular rash on the trunk and 
extremities followed by fatigue, myalgia, and arthralgias involving the 
large joints 4 weeks after receiving a rubella vaccine. Serologic tests were 
negative for hepatitis B virus, cytomegalovirus, and Borrelia burgdorferi 
and showed past infections of Epstein-Barr virus and parvovirus. Rubella 
virus RNA was detected by PCR in peripheral blood mononuclear cells 
8 months postvaccination. The patient began treatment with prednisone 
13 months postvaccination; however, the patient was still symptomatic 
30 months postvaccination. In neither case was the strain of rubella de- 
lineated from the RNA isolated. 

Tingle et al. (1985) reported two cases of chronic arthralgia develop- 
ing postvaccination with rubella strain RA 27/3. Case 1 (number 5 in 
the article) describes a woman in the postpartum period presenting with 
polyarthritis 3 weeks after vaccination. Subsequently the patient developed 
arthralgia involving the shoulders, elbows, wrists, hips, and knees. The pa- 
tient was followed for 2 years, 9 months. Rubella virus was demonstrated 
in peripheral blood mononuclear cells 15 months postvaccination. Case 
2 (number 6 in the article) describes a woman in the postpartum period 
presenting with polyarthritis 3 weeks after vaccination. Subsequently the 
patient developed a continuing arthritis and arthralgia. The patient was 
followed for 2 years, 2 months. Rubella virus was demonstrated in periph- 
eral blood mononuclear cells and breast milk mononuclear cells 7 and 9 
months postvaccination, respectively. Both patients had titers of HAI anti- 
rubella antibodies of < 1:8, but significantly elevated levels of antirubella 
IgG antibodies prior to vaccination. Furthermore, both patients showed 
a delayed time course and lower peak hemagglutination inhibition titers 
than women immunized with the rubella strain HPV-77 DE/5. Two years 
or more after vaccination the patients’ antirubella antibody levels declined 
to those detected prevaccination. In neither case was the strain of rubella 
delineated from the virus isolated. 

Mitchell et al. (2000) was described in detail in the section on transient 
arthralgia in women. The authors reported the development of acute and 
chronic arthralgia and arthritis in a subset of 18- to 41-year-old women 
within 28 days after rubella vaccination, which contained RA 27/3. The 
subjects who developed acute and chronic arthralgia and arthritis were 
those who had previously been exposed but had the lowest levels of prevac- 
cine antibodies as measured by the additional techniques. This suggests that 
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the inability to respond to wild-type rubella during previous exposures is 
associated with arthropathy after the vaccine. 


Weight of Mechanistic Evidence 


It has been reported that as many as one-third of women with a wild- 
type rubella infection develop arthralgia (Gershon, 2010b). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The three publications described above, when considered together, 
presented clinical evidence suggestive but not sufficient for the committee 
to conclude the vaccine may be a contributing cause of chronic arthralgia 
in women after vaccination against rubella. Lower peak hemagglutina- 
tion inhibition titers or the lack of production of antirubella-neutralizing 
antibodies after vaccination were reported in three cases (Mitchell et al., 
1993; Tingle et al., 1985). Furthermore, two publications reported the de- 
velopment of arthralgia postvaccination in women initially thought to be 
seronegative prior to administration of the vaccine; further tests showed the 
women had not mounted a robust antibody response to a prior exposure to 
rubella (Mitchell et al., 2000; Tingle et al., 1985). The isolation of rubella 
virus or viral RNA > 7 months postvaccination suggests the development 
of a persistent rubella infection (Mitchell et al., 1993; Tingle et al., 1985). 
The association of persistent viremia and inadequate antibody formation 
suggests persistent viral infection to be the mechanism for chronic arthral- 
gia in women after rubella vaccination. The latency between vaccination 
and the development of arthralgia symptoms in the cases described above 
ranged from 12 days to 6 weeks. 

The failure to differentiate between wild-type and vaccine strains of 
rubella, where virus was demonstrated, detracted from the weight of evi- 
dence. In addition, the publications described above were produced by one 
group; the results of these studies have not been reported by another group. 

Autoantibodies, T cells, immune complexes, and complement activa- 
tion may contribute to arthralgia as well; however, the publications did not 
provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and chronic arthralgia in women 
as low-intermediate based on clinical evidence in four cases. 


The committee assesses the mechanistic evidence regarding an asso- 


ciation between measles or mumps vaccine and chronic arthralgia 
in women as lacking. 
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Causality Conclusion 


Conclusion 4.22: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and chronic arthralgia 
in women. 


CHRONIC ARTHRITIS IN WOMEN 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of chronic 
arthritis in women after the administration of rubella vaccine. These two 
controlled studies (Ray et al., 1997; Tingle et al., 1997) contributed to the 
weight of epidemiologic evidence and are described below. 

Ray et al. (1997) conducted a retrospective cohort study that is de- 
scribed in detail in the section on transient arthralgia in women. No cases of 
chronic arthropathy were diagnosed in the exposed group of seronegative, 
vaccinated women. Only one case of rheumatoid arthritis was diagnosed 
in the study population; this case was reported in the seropositive, unim- 
munized control group. The authors concluded that vaccination with RA 
27/3 strain rubella does not appear to increase the prevalence of persistent 
joint symptoms in women, but noted the sample size may limit the ability 
to assess an association. 

The study by Tingle et al. (1997) was described in detail in the section 
on transient arthralgia in women. This randomized controlled trial reported 
an odds ratio of 1.58 (95% CI, 1.01—2.45) for the frequency of persistent 
arthralgia or arthritis among postpartum women receiving rubella vaccine 
compared to placebo. The authors concluded that marginally significant 
differences of persistent arthralgia or arthritis occurred after rubella vac- 
cination, and a study with more participants may be necessary to establish 
an association. 


Weight of Epidemiologic Evidence 


The two studies described above had negligible limitations but incon- 
sistent results; one study had limited generalizability. A large retrospective 
cohort study (Ray et al., 1997) with appropriately defined exposed and 
control groups found no evidence of an association between immunization 
and chronic arthropathy. A randomized controlled trial (Tingle et al., 1997) 
involving a moderate number of postpartum women with careful follow- 
up by both history and physical examination, and appropriate adjustment 
for confounders, did find higher rates of persistent arthralgia or arthritis 
among the immunized group, but the difference was of marginal statisti- 
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cal significance. Additionally, this trial was restricted to one subgroup of 
women (postpartum period) when the physiologic milieu is quite different 
from other times in a woman’s life. See Table 4-10 for a summary of the 
studies that contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision to 
assess an association between rubella vaccine and chronic arthritis 
in women. 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between measles or mumps vaccine and chronic arthritis 
in women. 


Mechanistic Evidence 


The committee identified seven publications describing chronic ar- 
thritis in women after the administration of rubella or MMR vaccine. In 
two publications, chronic arthropathy was not distinguished from chronic 
arthritis; these publications did not contribute to the weight of mechanistic 
evidence (Mitchell et al., 2000; Tingle et al., 1989). Three publications did 
not provide evidence beyond temporality and therefore did not contribute 
to the weight of mechanistic evidence (Tingle et al., 1986; von Wehren and 
von Torklus, 1983; Weibel and Benor, 1996). 

Described below are two publications describing clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Tingle et al. (1983) reported the development of arthritis involving the 
metacarpophalangeal joints, wrists, and knees in four women after vaccina- 
tion with rubella strain RA 27/3. None of the patients had been previously 
immunized against rubella. All four were seronegative, based on an HAI 
assay, prior to vaccination but were later found, based on an ELISA assay, 
to have had antibodies prevaccination. The patients had recurrent episodes 
of arthritis involving the same joints over a 6-month period after vaccina- 
tion. The authors pointed out that the patients who developed arthritis had 
more acute symptoms of infection (posterior cervical lymphadenitis and 
pharyngitis) than patients who did not develop arthritis. 

The case reported by Tingle et al. (1985) was described in detail in the 
section on chronic arthralgia in women. The authors reported one case of 
a woman in the postpartum period who developed continuing arthralgia 
and arthritis after rubella vaccination. The patient was followed for 2 years 
and 2 months. Rubella virus was demonstrated in peripheral blood mono- 
nuclear cells and breast milk mononuclear cells at 7 and 9 months postvac- 
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cination, respectively. Similar to other reports, this patient was determined 
to be seronegative by HAI prior to vaccination, but further tests showed 
the patient had prevaccination antibodies to rubella. The patient showed a 
delayed time course and lower peak hemagglutination inhibition titers after 
vaccination as compared to other patients receiving the HPV-77 DE/S ru- 
bella vaccine. Two years or more after vaccination the patient's antirubella 
antibody levels declined to those detected prevaccination. 


Weight of Mechanistic Evidence 


While rare, chronic arthritis has been associated with wild-type rubella 
infection (Gershon, 2010b). Rubella has been demonstrated in the joint 
in cases of acute or recurrent arthritis, as well as from peripheral blood 
mononuclear cells in cases of chronic arthritis, suggesting persistent rubella 
infection (Gershon, 2010b). The committee considers the effects of natural 
infection one type of mechanistic evidence. 

The two publications described above, when considered together, pre- 
sented clinical evidence suggestive but not sufficient for the committee to 
conclude the vaccine may be a contributing cause of chronic arthritis in 
women after vaccination against rubella. Evidence of persistent rubella 
infection in monocytes was presented in one case (Tingle et al., 1985). Fur- 
thermore, the cases suggest that a host factor may be involved, particularly, 
the inability to mount a robust immune response to rubella in six cases. 
The association of persistent viremia and inadequate antibody response 
suggests persistent viral infection may be a mechanism for chronic arthritis 
in women after rubella vaccination. The latency between vaccination and 
the development of arthritis symptoms in the cases described above ranged 
from 18 days to 3 weeks. 

The failure to differentiate between wild-type and vaccine strains of 
rubella, where virus was demonstrated, as well as the failure to demonstrate 
virus in joints, detracted from the weight of evidence. In addition, the pub- 
lications described above were produced by one group; the results of these 
studies have not been reproduced by another group. 

Autoantibodies, T cells, immune complexes, and complement activa- 
tion may contribute to arthritis as well; however, the publications did not 
provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and chronic artbritis in women 
as low-intermediate based on clinical evidence in five cases. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between measles or mumps vaccine and chronic arthritis 
in women as lacking. 
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Causality Conclusion 


Conclusion 4.23: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and chronic arthritis in 
women. 


CHRONIC ARTHROPATHY IN CHILDREN 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic arthropathy (arthralgia or arthritis) in children after 
the administration of MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 


association between MMR vaccine and chronic arthropathy in 
children. 


Mechanistic Evidence 


The committee identified five publications describing chronic arthropa- 
thy in children after the administration of vaccines containing measles, 
mumps, and rubella alone or in combination. Two publications did not 
provide evidence beyond temporality (Balfour et al., 1980; Bottiger et al., 
1974). In addition, the patient described in Bottiger et al. (1974) developed 
symptoms following strep throat. Since it is well appreciated that strepto- 
coccal infection can cause joint symptoms, it is not possible to solely at- 
tribute the symptoms in this individual to the rubella vaccine. Borte et al. 
(2009) did not observe exacerbation of juvenile idiopathic arthritis after 
MMR vaccination. These publications did not contribute to the weight of 
mechanistic evidence. 

Described below are two publications reporting clinical, diagnostic, or 
experimental evidence that contributed to the weight of mechanistic evidence. 

Peters and Horowitz (1984) report one case of a 10-year-old girl pre- 
senting with lower extremity pain 1 week after receiving a measles and 
rubella vaccine. Subsequently, the patient developed bilateral thigh pain, 
fever, and a macular rash over the anterior trunk. Eight months postvac- 
cination laboratory tests showed hemaglutination titers of 1:32 and 1:8 
for rubella and measles, respectively, and an IgM specific rubella antibody 
titer of < 1:4. The patient had recurrent symptoms over 4 years leading to 
a diagnosis of pauciarticular juvenile rheumatoid arthritis. 

Geiger et al. (1995) reported the case of a 16-year-old boy, diagnosed 
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with acute lymphoblastic leukemia, who was undergoing maintenance 
treatment with methotrexate and 6-mercaptopurine when he was inadver- 
tently given the rubella vaccine. This patient had been seronegative prior 
to chemotherapy 15 months earlier. Fifty-one days after vaccination, the 
patient presented with arthritis of the wrist, metacarpophalangeal, carpal, 
proximal, and distal interphalangeal joints. The arthritis resolved over 8 
weeks with therapy. Nucleic acid specific for rubella was detected in whole 
blood and in stimulated and unstimulated mononuclear cells obtained 8 
months after vaccination. The test for rubella nucleic acid involved reverse 
transcription followed by nested PCR. Sequence analysis was not performed 
to determine if the nucleic acid was from wild-type or vaccine virus. 


Weight of Mechanistic Evidence 


While rare, arthritis and arthralgia have been reported as a complication 
of wild-type rubella infection in children (Gershon, 2010b). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The publications, described above, did not present clinical evidence 
sufficient for the committee to conclude the vaccine may be a contribut- 
ing cause of chronic arthropathy in children. The failure to differentiate 
between wild-type and vaccine strains of rubella, where virus was demon- 
strated, as well as the failure to demonstrate virus in the joints, detracted 
from the weight of evidence. 

The symptoms described in the publications referenced above are consis- 
tent with those leading to a diagnosis of chronic arthropathy. Autoantibod- 
ies, T cells, immune complexes, persistent viral infection, and complement 
activation may contribute to chronic arthropathy; however, the publications 
did not provide evidence linking these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and chronic arthropathy in chil- 
dren as weak based on knowledge about the natural infection and 
two cases. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between measles or mumps vaccine and chronic arthropa- 
thy in children as lacking. 


Causality Conclusion 


Conclusion 4.24: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and chronic arthropathy 
in children. 
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Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of arthropathy 
in men after the administration of rubella or MMR vaccine. Two studies 
(Geier and Geier, 2001; Stetler et al., 1985) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. 

Two controlled studies (Chen et al., 1991; Pattison et al., 2008) were 
included in the weight of epidemiologic evidence and are described below. 

Chen et al. (1991) conducted a retrospective cohort study of under- 
graduate students living in dormitories at Boston University (BU) and Mas- 
sachusetts Institute of Technology (MIT) in March 1985. As a result of a 
measles outbreak, an increased number of students were vaccinated with 
MMR from February through March 1985. Self-administered question- 
naires were used to determine the incidence of adverse events after MMR 
vaccination at BU and MIT. Only students vaccinated at BU or MIT were 
included in the exposed group (401 and 133, respectively); those vaccinated 
by a private physician, with a history of measles disease, or unknown vac- 
cination status were excluded. The remaining students not vaccinated dur- 
ing the measles outbreak served as the control group at BU (391 students) 
and MIT (352 students). The study had multiple limitations including a 
low survey response rate (62 percent of BU students and 31 percent of 
MIT students), inadequate definition of exposed and control groups, and 
reliance on self-reported data. The authors concluded that the incidence 
of joint swelling, or joint ache or pain, was not increased among students 
vaccinated with MMR or measles, compared to respective controls. 

Pattison et al. (2008) conducted a case-control study in 125 patients 
with psoriatic arthritis and 163 psoriasis controls in the United Kingdom. 
The cases were identified through a nationwide campaign and confirmed 
by local consultant rheumatologists, whereas controls were recruited from 
the Psoriasis Clinic at the Dermatology Centre, Hope Hospital, Salford. 
The psoriatic arthritis patients experienced their first joint swelling within 
5 years of the start of the study. A self-report questionnaire was sent to the 
cases and controls to assess exposures in the 10 years before disease onset; 
82.7 percent of the cases and 50.0 percent of the controls responded to the 
questionnaire. The authors reported an increased risk of psoriatic arthritis 
after rubella vaccination (OR, 12.4; 95% CI, 1.20-122.14); however, these 
results were not generalizable to men. 
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Weight of Epidemiologic Evidence 


The two studies described above had serious limitations and low preci- 
sion. One study by Pattison et al. (2008) found an association but studied 
men with psoriasis, and thus the results could not be generalized to all men. 
The study by Chen et al. (1991) found no association. See Table 4-11 for 
a summary of the studies that contributed to the weight of epidemiologic 
evidence. 


The committee has limited confidence in the epidemiologic evidence, 
based on two studies that lacked validity and precision, to assess an 
association between MMR vaccine and arthropathy in men. 


Mechanistic Evidence 


The committee identified four publications of chronic or transient ar- 
thropathy in men after the administration of vaccines containing measles, 
mumps, and rubella alone or in combination. Two publications did not pro- 
vide evidence beyond temporality (Seager et al., 1994; Weibel and Benor, 
1996). Two publications reported symptoms of arthralgia after vaccination 
but did not differentiate between men and women (Freestone et al., 1971; 
Simon et al., 2007). These publications did not contribute to the weight of 
mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, arthritis and arthralgia have been reported as complications 
of wild-type rubella infection in men (Gershon, 2010b). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of arthropathy. Autoantibodies, T 
cells, immune complexes, direct viral infection, persistent viral infection, 
and complement activation may contribute to arthropathy; however, the 
publications did not provide evidence linking these mechanisms to MMR 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and arthropathy in men as weak 
based on knowledge about the natural infection. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between measles or mumps vaccine and arthropathy in 
men as lacking. 
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Causality Conclusion 


Conclusion 4.25: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and arthropathy in men. 


TYPE 1 DIABETES 


Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of type 1 
diabetes after the administration of MMR vaccine. One study (Fescharek 
et al., 1990) was not considered in the weight of epidemiologic evidence 
because it provided data from a passive surveillance system and lacked an 
unvaccinated comparison population. Two controlled studies (Karavanaki 
et al., 2008; Telahun et al., 1994) had very serious methodological limita- 
tions that precluded their inclusion in this assessment. Karavanaki et al. 
(2008) and Telahun et al. (1994) conducted case-control studies in diabetic 
children and hospital controls using a self-report questionnaire, but did not 
validate vaccination histories with medical records or adequately adjust for 
age or date of diagnosis. 

The five remaining controlled studies (Altobelli et al., 2003; Blom et al., 
1991; DeStefano et al., 2001; Hviid et al., 2004; Patterson, 2000) contrib- 
uted to the weight of epidemiologic evidence and are described below. 

Blom et al. (1991) conducted a case-control study in diabetic children 
(0 to 14 years of age) enrolled in the Swedish Childhood Diabetes Register 
from September 1985 through August 1986. A total of 393 children with 
type 1 diabetes were matched to 786 controls (two controls for each case 
matched on age, sex, and county) from the official Swedish population 
register. The dates of vaccination were ascertained from questionnaires 
that were sent to the parents of cases and their matched controls within 4 
weeks of disease diagnosis. Questionnaires were returned for 86 percent 
of the cases and 67 percent of the controls. There were no systematic dif- 
ferences in the age, sex, and county categories of those that returned the 
questionnaire compared to those that did not, but other factors that were 
not reported in the study could suggest selection bias. Self-report vaccina- 
tion data were compared to vaccination records from the local child health 
care centers and school health units. The authors were able to validate the 
vaccination status of 88.5 percent and 82.1 percent of the cases and con- 
trols, respectively. Since the relative risk ratio of matched and unmatched 
data remained close to 1, the case and control matching was removed to 
avoid losing information during the analysis. The odds ratio for diabetes 
diagnosis any time after vaccination was assessed for MMR vaccine, 0.95 
(95% CI, 0.71-1.28); measles vaccine, 0.74 (95% CI, 0.55-1.00); mumps 
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vaccine, 1.75 (95% CI, 0.54—5.70); and rubella vaccine, 1.24 (95% CI, 
0.41-3.73). The authors concluded that MMR vaccine does not increase 
the risk of type 1 diabetes in children, and measles vaccine may have a 
protective effect that should be investigated. 

Patterson (2000) conducted a case-control study in children (under 15 
years of age) with type 1 diabetes enrolled at seven centers participating in 
the EURODIAB ACE Group from 1989 to 1995. Controls were selected at 
each center from population registers, general practitioners' lists, or school 
rolls, and matched to cases by age. Of the 1,028 cases and 3,044 controls 
invited to participate in the study, 900 (87.5 percent) and 2,302 (75.6) 
responded, respectively. The authors did not provide any information on 
the nonresponders. Vaccination data were obtained from parent interviews 
or questionnaires depending on the center, and were validated with official 
records or child health care booklets in 74 percent of the cases and 78 per- 
cent of the controls. A diagnosis date was assigned to each control based on 
the midpoint of the recruitment period for the corresponding diabetic child. 
The Mantel Haenszel approach was used to stratify the analysis by center, 
and the odds ratio for diabetes diagnosis any time after rubella vaccination 
was 1.18 (95% CI, 0.91-1.53). A logistic regression analysis was used to 
adjust for confounding variables, and the odds ratio for diabetes diagnosis 
any time after rubella vaccination was 1.27 (9596 CI, 0.93-1.72). The 
authors concluded that administration of rubella vaccine does not increase 
the risk of type 1 diabetes in children. 

DeStefano et al. (2001) conducted a case-control study in children (10 
months to 10 years of age) enrolled in four HMOs participating in the 
VSD. A total of 252 type 1 diabetes cases and 768 matched controls were 
included in the analysis. The study required participants to be born from 
1988 through 1997, enrolled in the HMO since birth, and continuously 
enrolled for the first 6 months of life. Additionally, cases had to be enrolled 
at least 12 months before the diabetes diagnosis except when diagnosis 
occurred before 12 months of age. The case index date was defined as the 
first date of type 1 diabetes diagnosis in the medical record; controls were 
assigned the same index date as their matched case. At least three controls 
were matched to each case on sex, date of birth (within 7 days), HMO, and 
length of enrollment in the HMO (up to the index date). Trained chart ab- 
stractors obtained complete vaccination histories from the medical records 
of the cases and controls. Vaccination histories were similar for the cases 
and controls with 92.1 percent and 90.6 percent exposed to MMR vaccine, 
respectively. The results of two conditional logistic regression models were 
provided: Model 1 stratified by the matching variables; Model 2. stratified 
by the matching variables and race, ethnicity, and family history of type 
1 diabetes (additional variables also obtained from medical records). The 
odds ratio for diabetes diagnosis any time after MMR vaccination using 
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Model 1 was 1.36 (95% CI, 0.70-2.63) and using Model 2 was 1.43 (95% 
CI, 0.71-2.86). The authors concluded that vaccination with MMR does 
not increase the risk of type 1 diabetes in children. 

Altobelli et al. (2003) conducted a case-control study in children 
(under 15 years of age) with type 1 diabetes enrolled in the diabetes reg- 
ister of the Abruzzo region of Italy from 1990 through 1996. A total of 
136 cases (52.9 percent men and 47.1 percent women) and 272 controls 
(50.7 percent men and 49.3 percent women) participated in the study. 
The controls were identified in the National Health System records and 
were matched to cases on age (within 1 year) and registration with the 
same family pediatrician. The pediatricians certified that all controls were 
free of diabetes and none were diagnosed with diabetes during the study 
period. Trained physicians collected immunization information from the 
parents of diabetic cases and controls using a questionnaire at the first 
diabetologic examination or pediatric examination, respectively. The vac- 
cination data were verified with records from the National Health System. 
A larger proportion of the controls were exposed to MMR vaccine and 
measles vaccine when compared to the cases: MMR vaccination in 8.1 
percent of cases and 18.7 percent of controls; measles vaccination in 
10.3 percent of cases and 12.9 percent of controls. The odds ratio for 
diabetes diagnosis any time after MMR vaccination was 0.382 (95% CI, 
0.201—0.798) and measles vaccination was 0.777 (95% CI 0.403-1.498). 
The authors concluded that administration of MMR vaccine or measles 
vaccine does not increase the risk of type 1 diabetes in children. 

Hviid et al. (2004) conducted a retrospective cohort study in children 
born from January 1990 through December 2000 and who resided in Den- 
mark through December 2001 (end of study period). The participants were 
identified in the Danish Civil Registration System, and linked to informa- 
tion on type 1 diabetes diagnosis in the Danish National Hospital Register 
and vaccination data from the National Board of Health. The children 
were followed from birth and removed from the study at the first occur- 
rence of an outcome of interest. The study outcomes included diagnosis 
of type 1 diabetes, loss to follow-up or emigration, reaching 12 years of 
age, and death. Vaccination status was considered a time-varying variable 
and was classified according to the number of doses administered (zero, 
one, two, or three doses of each vaccine). A total of 739,694 children 
were included in the study, of whom 16,421 were prematurely removed 
from the analysis because of loss to follow-up, emigration, or death. The 
rate ratio for diabetes diagnosis any time after one dose of MMR vaccine 
(compared to the unvaccinated) was 1.14 (95% CI, 0.90-1.45). The study 
also evaluated the rate ratios of diabetes diagnosis 1, 2, 3, 4, and » 4 years 
after MMR vaccination and found no significant differences. The authors 
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concluded that MMR vaccination does not increase the risk of type 1 dia- 
betes in children. 


Weight of Epidemiologic Evidence 


The five observational studies consistently reported no increased risks 
of type 1 diabetes following MMR vaccination, and two had negligible 
methodological limitations (Hviid et al., 2004; Patterson, 2000). The five 
studies had relatively large sample sizes and were representative of Euro- 
pean and U.S. populations of children across a broad range of ages and 
varying time periods at risk of type 1 diabetes following vaccination. See 
Table 4-12 for a summary of the studies that contributed to the weight of 
epidemiologic evidence. 


The committee has a high degree of confidence in the epidemiologic 
evidence based on five studies with validity and precision to assess 
an association between MMR vaccine and type 1 diabetes; these 
studies consistently report a null association. 


Mechanistic Evidence 


The committee identified five publications reporting type 1 diabetes 
developing after the administration of vaccines containing measles and 
mumps alone or in combination. The publications did not provide evi- 
dence beyond temporality, some too long or too short based on the pos- 
sible mechanisms involved (Ehrengut and Zastrow, 1989; Fescharek et al., 
1990; Helmke et al., 1986; Otten et al., 1984; Sinaniotis et al., 1975). Long 
latencies between vaccine administration and development of symptoms 
make it impossible to rule out other possible causes. In addition, Otten 
et al. (1984) reported that one patient contracted mumps 2 years after 
vaccination and 4 years before development of type 1 diabetes making it 
impossible to attribute the development of type 1 diabetes to vaccination. 
Two publications studied antibodies to mumps in patients developing type 
1 diabetes or autoantibodies associated with the development of type 1 
diabetes in patients after mumps infection or vaccination. Vaandrager et al. 
(1986) tested sera from patients after mumps infection or vaccination for 
the presence of autoantibodies associated with type 1 diabetes. The authors 
isolated autoantibodies from patients after mumps infection or vaccination 
but reported that the patients did not develop type 1 diabetes. Hyoty et al. 
(1993) tested sera collected from patients before and after receiving an 
MMR vaccination. The authors reported a decline of mumps antibodies in 
type 1 diabetes patients. The publications did not contribute to the weight 
of mechanistic evidence. 
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Weight of Mechanistic Evidence 


The association of type 1 diabetes with wild-type mumps infection is 
controversial. Several publications have reported cases of type 1 diabetes 
developing after mumps infection (Litman and Baum, 2010). Epidemiologic 
studies report a 3- to 4-year lag time between mumps infection and type 1 
diabetes (Litman and Baum, 2010), which would be consistent with a slow 
loss of islet cells not clinically apparent for several years; however, it would 
also be consistent with numerous other triggers. In addition, a decrease in 
the frequency of type 1 diabetes has not been associated with a decrease in 
the frequency of mumps infection after implementation of mumps vaccines 
(Litman and Baum, 2010). Owing to the uncertainty the committee did 
not consider mumps infection when determining the weight of mechanistic 
evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of type 1 diabetes. Autoantibodies, 
T cells, molecular mimicry, and complement activation may contribute to 
type 1 diabetes; however, the publications did not provide evidence linking 
these mechanisms to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and type 1 diabetes as lacking. 


Causality Conclusion 


Conclusion 4.26: The evidence favors rejection of a causal relation- 
ship between MMR vaccine and type 1 diabetes. 


HEPATITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of hepatitis after the administration of MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and hepatitis. 
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Mechanistic Evidence 


The committee identified two publications reporting the development 
of hepatitis after the administration of vaccines containing measles, mumps, 
and rubella alone or in combination. Saliba and Elias (2005) did not pro- 
vide evidence beyond temporality. Jorch et al. (1984) described a 2-year- 
old presenting with meningoencephalitis 7 days after administration of a 
measles and mumps vaccine and 3 days prior to brain death and cardiac 
arrest. Hepatitis was not reported as a symptom after vaccination and 
the liver was not enlarged, but a liver biopsy showed paramyxovirus-like 
intranuclear filaments suggesting the presence of measles virus or mumps 
virus or both. There was no attempt to identify virus in the liver either by 
culture or PCR, although vaccine-strain viremia is likely to be present at 7 
days postvaccination. The publications did not contribute to the weight of 
mechanistic evidence. 


Weight of Mechanistic Evidence 


On rare occasions, infection with wild-type measles, mumps, and ru- 
bella viruses has been associated with hepatitis (Gershon, 2010a,b; Litman 
and Baum, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

The symptoms described above are consistent with those leading to a 
diagnosis of hepatitis. Autoantibodies, T cells, direct viral infection, and 
complement activation may contribute to the symptoms of hepatitis; how- 
ever, the publications did not provide evidence linking these mechanisms 
to MMR vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and hepatitis as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 4.27: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and hepatitis. 


CHRONIC FATIGUE SYNDROME 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic fatigue syndrome after the administration of MMR 
vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and chronic fatigue syndrome. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of chronic fatigue syndrome after the administra- 
tion of MMR vaccine. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and chronic fatigue syndrome as 
lacking. 


Causality Conclusion 


Conclusion 4.28: The evidence is inadequate to accept or reject 
a causal relationship between MMR vaccine and chronic fatigue 
syndrome. 


FIBROMYALGIA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of fibromyalgia after the administration of MMR vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and fibromyalgia. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of fibromyalgia after the administration of MMR 
vaccine. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between MMR vaccine and fibromyalgia as lacking. 
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Causality Conclusion 


Conclusion 4.29: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and fibromyalgia. 


HEARING LOSS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of hearing loss 
after the administration of MMR vaccine. This one study (Asatryan et al., 
2008) was not considered in the weight of epidemiologic evidence because 
it provided data from a passive surveillance system and lacked an unvac- 
cinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between MMR vaccine and hearing loss. 


Mechanistic Evidence 


The committee identified 11 publications reporting hearing loss after 
the administration of vaccines containing measles, mumps, and rubella 
alone or in combination. Two publications described multiple cases, some 
did not provide a time frame between vaccination and development of hear- 
ing loss while others did not provide evidence beyond temporality, some 
too long or too short based on the possible mechanisms involved (Asatryan 
et al., 2008; Jayarajan and Sedler, 1995). Long latencies between vaccine 
administration and development of symptoms make it impossible to rule 
out other possible causes. These cases did not contribute to the weight of 
mechanistic evidence. Four publications did not provide evidence beyond 
a temporal relationship between administration of either a mumps vaccine 
or MMR vaccine and development of hearing loss (Garcia Callejo et al., 
2005; Healy, 1972; Nabe-Nielsen and Walter, 1988a,b). These publications 
did not contribute to the weight of mechanistic evidence. 

Described below are eight publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. In most of the cases, fever develops between days 5 and 12 after 
vaccination, a time frame consistent with studies researching fevers after 
immunization. The committee included some cases in which fever devel- 
oped outside this time frame when in association with other symptoms 
suggestive of involvement of the ear, such as tinnitus and gait disturbance. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


MEASLES, MUMPS, AND RUBELLA VACCINE 215 


Angerstein (1995) described a 24-month-old patient presenting with 
horizontal spontaneous nystagmus to the right, a sudden tendency to fall 
to the left, and left caloric excitability of the labyrinth 7 days after admin- 
istration of a measles and mumps vaccine. Four years after vaccination 
laboratory evaluation detected complete failure of the caloric labyrinth on 
the left with good excitability on the right. 

Asatryan et al. (2008) identified 202 reports, received by VAERS from 
January 1990 through December 2003, of hearing loss developing after 
vaccination against measles, mumps, and rubella. Of these 158 met the ex- 
clusion criteria or were duplicate submissions. Of the remaining 44 reports 
the authors summarized the 14 cases providing the most detailed clinical 
information. The following cases provided clinical evidence in addition to a 
temporal relationship between vaccination and the development of hearing 
loss that contributed to the weight of mechanistic evidence. Case 1 (number 
6 in the report) describes a 1-year-old girl presenting with a fever within 
1 month, and possibly as early as 1 week, after administration of measles, 
mumps, and rubella and Haemophilus influenzae type B (HiB) vaccines. 
The patient was diagnosed with bilateral hearing loss 3 years after vaccina- 
tion. Case 2 (number 7 in the report) describes a 4-year-old boy presenting 
with fever and decreased hearing 2 weeks after simultaneous administra- 
tion of measles, mumps, and rubella, diphtheria-tetanus-acellular pertussis 
(DTaP), HiB, and oral polio vaccines. Case 3 (number 8 in the report) 
describes a 1.5-year-old girl presenting with fever and exanthem subitum 
2 weeks after administration of a measles, mumps, and rubella vaccine. 
Ataxia and bilateral hearing loss were reported 1 month and 4 months after 
vaccination, respectively. 

Brodsky and Stanievich (1985) describe a 3-year-old presenting with fe- 
ver, ataxia, irritability, headache, nausea, vomiting, and nystagmus 10 days 
after administration of a measles, mumps, and rubella vaccine at 15 months 
of age. Decreased hearing became a concern of the parents soon thereafter. 
A diagnosis of persistent otitis media led to the insertion of tympanostomy 
tubes at 2.5 years of age. No change in hearing was noted after the insertion 
of the tubes, and the patient was subsequently diagnosed as having bilateral 
hearing loss. The patient’s father had sensorineural hearing loss in the left 
ear thought to be caused by a mumps infection in childhood. 

Hulbert et al. (1991) describe a 27-year-old woman presenting with 
generalized arthralgia, fever, headache, tinnitus, vomiting, dizziness, and 
gait disturbance 3 days after receiving a measles and rubella vaccine. The 
patient experienced progressive hearing loss 22 days after vaccination. 
Serologic tests were negative for Epstein-Barr virus, St. Louis encephalitis 
virus, western equine and eastern equine encephalomyelitis viruses, systemic 
lupus, and syphilis. 

Landrigan (1972) responded to a question presented by C. Herbert 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


216 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Crane regarding hearing loss after vaccination. The patient presented with 
a febrile illness lasting 2.5 days 10 days after administration of a measles 
vaccine at 1 year of age. Hearing loss in the high-frequency range was ob- 
served at 30 months. 

Watson (1990) described a 14-month-old girl presenting with a gener- 
alized pink blotchy rash starting on the neck 12 days after administration 
of a measles vaccine. The rash became a dull pink the following day and 
disappeared in 2 days. While afflicted with the rash, the patient repeatedly 
pulled at both ears. Two weeks later the mother noticed the patient would 
not respond to commands leading to the realization that the patient was 
unable to hear. A hearing assessment performed at 11 months of age had 
been normal. 

Two publications provided experimental evidence for an association 
between the development of hearing loss and vaccination against measles 
or mumps. Fukuda et al. (2001) examined antimumps IgG and IgM in the 
sera of 69 cases of idiopathic sudden sensorineural hearing loss diagnosed 
at the Otolaryngology Department, Hokkaido University Hospital, from 
February 1992 through December 1999. The etiologies leading to hearing 
loss were not known. The authors were studying the association of silent 
mumps infection with idiopathic sudden sensorineural hearing loss. The 
authors demonstrated antimumps IgM in seven patients. Of these seven 
patients antimumps IgG were demonstrated in six. Antimumps IgG were 
demonstrated in an additional 36 patients. 

Fukuda et al. (1994) used a hamster model to study acute measles infec- 
tion of the cochlea. The authors used a hamster-adapted neurotropic strain 
of measles to inoculate the perilymphatic compartment of the ipsilateral 
cochlea in Syrian gold hamsters. Four to five days after virus inoculation 
the temporal bones were removed and subjected to indirect immunofluo- 
rescence using antimeasles virus antisera. Positive immunofluorescence was 
observed in the inflammatory cell infiltrates in the cochlear ducts and the 
lining of the perilymphatic structure. 


Weight of Mechanistic Evidence 


Wild-type mumps virus infection has been associated with transient 
high-frequency-range deafness in 4.4 percent of mumps cases in the military 
(Litman and Baum, 2010). Permanent unilateral deafness has been reported 
to occur in 1 in 20,000 cases of mumps virus infection (Litman and Baum, 
2010). Similarly, infection with wild-type measles virus has been associated 
with bilateral sensorineural hearing loss in 5-10 percent of measles cases 
(McKenna, 1997). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

In addition, the eight publications described above presented clinical 
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and experimental evidence suggestive but not sufficient for the committee 
to conclude the vaccine may be a contributing cause of hearing loss after 
administration of vaccines containing measles, mumps, and rubella alone or 
in combination. The publications presented a symptomology of fever, rash, 
and nystagmus consistent with direct infection of the measles or mumps 
viruses leading to hearing loss. The diagnosis of hearing loss after vacci- 
nation ranged from 6 days to 4 years after vaccination. Furthermore, the 
demonstration of antimumps antibodies in patients with idiopathic sudden 
sensorineural hearing loss and detection of measles antigen in the cochlear 
ducts in a hamster model of measles infection suggest the involvement of 
measles and mumps viruses in the pathogenesis of hearing loss. The animal 
model suggests the measles virus may replicate in the perilymph. However, 
the committee recognizes the limitations of this model. 

The latency between vaccination and the development of the sympto- 
mology described above ranged from hours to 12 days after administration 
of a vaccine containing measles, mumps, and rubella alone or in combina- 
tion, suggesting direct viral infection as the mechanism. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between measles or mumps vaccine and hearing loss as 
low-intermediate based on knowledge about the natural infection, 
experimental evidence, and eight cases. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between rubella vaccine and hearing loss as lacking. 


Causality Conclusion 


Conclusion 4.30: The evidence is inadequate to accept or reject a 
causal relationship between MMR vaccine and hearing loss. 


CONCLUDING SECTION 


Table 4-13 provides a summary of the epidemiologic assessments, 
mechanistic assessments, and causality conclusions for MMR vaccine. 
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Varicella Virus Vaccine 


INTRODUCTION 


Varicella, more commonly known as chickenpox, is caused by the hu- 
man alpha herpesvirus varicella zoster virus (VZV). Transmitted through 
direct contact with or inhalation of infectious fluid, VZV is highly con- 
tagious and infects approximately 90 percent of susceptible household 
contacts and 10 to 35 percent of individuals with limited exposure (Arvin, 
1996; Ross et al., 1962). 

The incubation period of VZV from exposure to illness is 10-21 days 
(Arvin, 1996). During most of this time, the individual is asymptomatic. 
About 50 percent of cases will experience fever, headache, abdominal pain, 
or general malaise within 24-48 hours prior to the onset of typical chick- 
enpox rash (Arvin, 1996). The varicella rash is characterized by pruritic, 
erythematous papules which develop into small, fluid-filled vesicles usually 
beginning on the scalp, face, or torso before spreading to proximal limbs 
and mucosal areas such as the conjunctivae (eye), oropharynx (back of the 
throat), and vagina (Arvin, 1996). In uncomplicated VZV infection, new 
lesions may form for up to 7 days (Arvin, 1996). The infected individual 
is considered contagious from 1-2 days prior to the appearance of the first 
lesion until all lesions have crusted, approximately 24—48 hours after the 
appearance of the last lesion, and generally within 4-7 days of symptom 
onset (AAP, 2009; Arvin, 1996). 

Possible complications from varicella infection include pneumonia and 
secondary bacterial infections typically due to Staphylococcus aureus and 
streptococcus; transient hepatitis; thrombocytopenia; and various neu- 
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rologic complications including cerebellar ataxia, encephalitis, Guillain- 
Barré syndrome (GBS), meningitis, and transverse myelitis (Ey et al., 1981; 
Fleisher et al., 1981; Guess et al., 1986; Jackson et al., 1992; Liu and Urion, 
1992; Preblud, 1986). Inmunocompromised individuals such as those 
treated for cancer or with congenital defects in cellular immunity often 
experience more severe varicella infection and are at greater risk of fatal 
infection (Whitley, 2010). 

Following the acute phase of the infection, the primary VZV infection 
is resolved, and the virus begins a dormant phase in the sensory nerve gan- 
glia of the individual. The individual usually has lifetime immunity against 
reinfection, and will not again have an illness that resembles primary 
chickenpox; however, the latent VZV may be reactivated and cause shingles 
(also called herpes zoster [HZ]). Shingles (or HZ) is a painful, unilateral, 
pruritic rash appearing on dermatomal areas of one or more sensory-nerve 
roots (Arvin, 1996). Risk factors for shingles include aging, immunosup- 
pression, and VZV infection prior to 12 months of age (Arvin, 1996). An 
estimated 15 to 30 percent of the population develops shingles, a percentage 
that is expected to increase with increasing life expectancies (CDC, 2007). 
Postherpetic neuralgia (PHN) is the most common complication of herpes 
zoster, especially in older individuals (CDC, 2007). The pain of PHN can 
last from 4 weeks to 10 years, and in one study, it lasted more than 1 year 
in 22 percent of study participants (Arvin, 1996; Ragozzino et al., 1982). 
Additional complications of herpes zoster include herpes ophthalmicus, 
dissemination, and central nervous system, pulmonary, and hepatic disease 
(CDC, 2007). 

Prior to the development and dissemination of the varicella vaccine in 
1995, varicella was a common childhood disease in the United States. The 
Centers for Disease Control and Prevention (CDC) estimates that from 
1980 through 1990, 4 million cases of varicella occurred annually with 
approximately 77 percent of cases in children 9 years old and younger, and 
more than 90 percent in children less than 15 years of age (CDC, 2007). 
Furthermore, national seroprevalence data from 1988-1994 showed that 
95.5 percent of adults aged 20-29 years, 98.9 percent of adults aged 30-39 
years, and 99.6 percent of adults aged 40 years and older were immune to 
varicella (Kilgore et al., 2003). 

From 1988 through 1995, hospitalizations due to varicella ranged 
from 2.3 to 7.0 per 100,000 cases (CDC, 2007). Among those most often 
hospitalized were adults 20 years of age and older, and children 4 years 
and younger, respectively representing 31.9 and 44.4 percent of varicella- 
related hospitalizations (Galil et al., 2002). Despite adults being less likely 
to require hospitalization due to varicella infection, from 1990 to 1994 
adults were 25 times more likely to experience fatal varicella infections than 
children between the ages of 1 and 4 years (Meyer et al., 2000). Secondary 
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infections, central nervous system complications including encephalitis, and 
pneumonia were among the most common causes of hospitalization and 
death, and these instances occurred most often in healthy individuals who 
were not severely immunocompromised or undergoing immunocompromis- 
ing treatments (Meyer et al., 2000). 

Since the 1980s, VZV infections in immunocompromised individuals 
have been treated with acyclovir, a synthetic nucleoside analog that inhibits 
the replication of human herpes viruses including VZV. In 1992, acyclovir 
was approved for the treatment of VZV infection in healthy children (CDC, 
2007). Used within 24 hours of initial presentation, intravenous acyclovir 
effectively lessens illness severity and fatality in immunocompromised indi- 
viduals (Nyerges et al., 1988; Prober et al., 1982). In 1992, oral acyclovir 
was approved for treatment of varicella in healthy children based on study 
data indicating favorable clinical outcomes, for example shortening of dis- 
ease and contagious state, and severity of symptoms, if administered within 
24 hours of rash onset (CDC, 2007). However, in 1993, the American 
Academy of Pediatrics Committee on Infectious Disease issued a statement 
that the benefit of acyclovir was not sufficient to justify routine administra- 
tion in healthy children (CDC, 2007). Instead, they recommended that the 
oral treatment be reserved for otherwise healthy individuals at increased 
risk for moderate to severe varicella such as individuals 13 years or older 
and persons with chronic skin or pulmonary disorders (Hall et al., 1993). 

The first live attenuated varicella vaccine was developed and tested 
in Japan by Takahashi and colleagues in the 1970s. The virus, designated 
Oka strain, was isolated from vesicular fluid of a healthy 3-year-old boy 
infected with VZV (Takahashi et al., 1975). The virus was attenuated 
through serial passaging through human embryonic lung cells, guinea-pig 
cells, and human diploid cells (WI-38 and MRC-5) (Arvin and Gershon, 
1996). Takahashi et al. inoculated 51 healthy children who subsequently 
experienced a 92 percent VZV antibody formation rate (Takahashi et al., 
1975). Following this study, Takahashi and his associates studied the im- 
pact of the vaccine on the VZV seroconversion in children with underlying 
diseases such as nephritis, asthma, and hepatitis. This study showed that 
the VZV vaccine was safe for children receiving low to moderate doses of 
steroids (Takahashi et al., 1974, 1975). 

Reports of varicella vaccination in immunocompromised children 
showed that with suspended chemotherapy, children with leukemia could 
be vaccinated successfully against VZV (Arvin and Gershon, 1996). These 
studies spurred similar studies in the United States and Canada. In 1979, 
the National Institute of Allergy and Infectious Diseases sponsored the 
Varicella Vaccine Collaborative Study that looked at the effectiveness of 
the vaccine on children whose leukemia was in remission. The Collabora- 
tive Study showed seroconversion in 88 percent of leukemic children after 
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the first dose and a 98 percent conversion after the second dose (Gershon 
and Steinberg, 1989). 

In 1995, the live, attenuated virus vaccine, Varivax (Merck & Co., 
Inc.) was licensed in the United States for use in healthy individuals greater 
than 12 months of age (CDC, 2007). The vaccine contains 1,350 plaque- 
forming units (PFUs) of Oka/Merck VZV; 25 mg of sucrose; 12.5 mg of 
hydrolyzed gelatin; and trace amounts of neomycin, fetal bovine serum, 
and residual components of MRC-5 (CDC, 2007). In 2005, Merck received 
licensure from the Food and Drug Administration to release the combina- 
tion measles, mumps, rubella, and varicella (MMRV) vaccine ProQuad 
(Merck) for use among healthy children aged 12 months through 12 years 
(CDC, 2007). Each dose of ProQuad contains at least 3.0 log, TCID,, of 
measles virus, 4.3 log,, TCID; of mumps virus, and 3.0 log,, TCID,, of 
rubella virus in addition to 3.99 log, PFUs of the attenuated varicella virus 
(Merck & Co., Inc., 2009). 

Currently, two 0.5-mL doses of varicella vaccine are recommended 
for children older than 12 months, adolescents, and adults who show no 
evidence of prior immunity (CDC, 2007). For children aged 12 months to 
12 years, the recommended minimum interval between the two doses is 3 
months (CDC, 2007). For persons greater than 13 years of age, the recom- 
mended minimum interval is 4 weeks (CDC, 2007). Because of greater as- 
sociation with fevers and febrile seizures after MMRV vaccine as compared 
to the MMR and monovalent varicella vaccines as separate injections, the 
Advisory Committee on Immunization Practices recommends that indi- 
viduals between 12 and 47 months of age receive the MMR and monova- 
lent varicella vaccines as separate injections or MMRV for the first dose of 
the vaccines at the discretion of the administering physician and the parents 
(CDC, 2010b). The combination MMRV vaccine is preferred as a second 
dose for individuals aged between 12 months and 12 years, and as a first 
dose for individuals greater than 4 years of age when all four vaccines are 
needed and none are contraindicated (CDC, 2006, 2010b). Since 2005, 
about 90 percent of U.S. children aged 19-35 months have received at least 
one dose of varicella vaccine (CDC, 2010a). 


DISSEMINATED OKA VZV WITHOUT 
OTHER ORGAN INVOLVEMENT 


This review of adverse events related to disseminated Oka VZV or 
vaccine-strain viral reactivation is divided into four sections. Two sections 
deal with initial adverse events (1) limited to the skin or (2) involving dis- 
semination to other organs. The other two sections report cases of VZV 
reactivation as zoster either (1) involving dissemination limited to the skin 
or (2) involving dissemination to other organs. In the cases limited to the 
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skin, the committee reports cases in which the rash appeared in more than 
one dermatome and, hence, had disseminated beyond the site of the initial 
vaccination. Not all cases could easily be assigned to one or another sec- 
tion. The committee arbitrarily placed all cases reporting herpes zoster in 
the viral reactivation sections even when these rashes appeared early after 
administration of the vaccine. 

“Disseminated” in this section refers to the spreading of the rash be- 
yond the dermatome involved in the vaccination. Reports in which there 
were a few vesicles at the site of the injection were not included. The cases 
that were used to definitively show the association were those in which 
(i) the patient received the varicella vaccine currently in use in the United 
States or one similar, (ii) the rash extended to dermatomes beyond that of 
the initial injection, and (iii) vaccine virus was demonstrated in skin lesions. 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of dissemi- 
nated Oka VZV without other organ involvement after the administration 
of varicella vaccine. These three studies (Chaves et al., 2008; Sharrar et al., 
2001; Wise et al., 2000) were not considered in the weight of epidemiologic 
evidence because they provided data from passive surveillance systems and 
lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and disseminated Oka VZV 
without other organ involvement. 


Mechanistic Evidence 


The committee identified 54 publications reporting disseminated Oka 
VZV without other organ involvement after vaccination against varicella. 
Thirty-three publications either did not provide evidence beyond temporal- 
ity or demonstrated wild-type varicella virus in the vesicles (Alpay et al., 
2002; Austgulen, 1985; Barton et al., 2009; Barzaga et al., 2002; Brunell 
et al., 1982; Chaves et al., 2005; Diaz et al., 1991; Donati et al., 2000; Haas 
et al., 1985a,b; Hadinegoro et al., 2009; Heath and Malpas, 1985; Heller 
et al., 1985; Kamiya et al., 1984; Katsushima et al., 1982; Konno et al., 
1984; Kreth and Hoeger, 2006; Lassker et al., 2002; Leung et al., 2004; 
Lydick et al., 1989; Minamitani et al., 1982; Nunoue, 1984; Oka et al., 
1984; Quinlivan et al., 2009; Shah et al., 2007; Shiow et al., 2009; Slordahl 
et al., 1984, 1985; Sorensen et al., 2009; Sugino et al., 1984; Takahashi 
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et al., 1985; Ueda et al., 1977; Zamora et al., 1994). These publications 
did not contribute to the weight of mechanistic evidence. 

Described below are 21 publications reporting clinical, diagnostic, or 
experimental evidence that contributed to the weight of mechanistic evi- 
dence. The studies are grouped to indicate the certainty that the vaccine was 
sufficiently similar to that used currently in the United States and that there 
was primary dermal dissemination of vaccine virus. The vaccine which has 
been in use in the United States since 1995 contains a minimum of 1,350 
PFUs of Oka VZV virus. Studies from prior to general use of the vaccine 
report many rashes and other adverse events associated with wild-type 
varicella virus because of the high prevalence of wild-type disease. 


Cases of Primary Dermal Dissemination of Vaccine Virus 


Jean-Philippe et al. (2007) describe an 18-month-old girl, subsequently 
diagnosed with a T cell dysfunction, presenting with fever and papulo- 
vesicular/pustular skin lesions beginning on the trunk and spreading to 
cover the patient’s entire body including the soles, palms, and scalp five 
weeks after receiving a varicella vaccine. New lesions continued to appear 
for more than 14 days after the appearance of the initial lesions. Vaccine- 
strain varicella was demonstrated, by polymerase chain reaction (PCR), in 
a biopsy of the skin lesions. 

Angelini et al. (2009) describe a 17-month-old girl presenting with 
fever and vesicular-hemorrhagic lesions on the entire body 23 days after 
receiving a varicella vaccine. Laboratory tests showed pancytopenia re- 
flecting macrocytic-normochromic-hyporegenerative anemia. Vaccine-strain 
varicella virus was demonstrated, by PCR, in skin lesions. 

Kraft and Shaw (2006) described a 36-year-old man presenting with 
pruritic lesions on the face, limbs, and trunk 24 days after receiving a 
varicella vaccine and 2 years after undergoing a heart transplant. The pa- 
tient was taking mycophenylate mofetil and cyclosporine twice daily. New 
lesions developed 3 days later. Vaccine-strain varicella virus was demon- 
strated, by PCR, in the lesions. 


Other Cases 


There were five publications describing reports submitted to passive 
surveillance systems regarding rash associated with vaccine virus without 
other organ involvement in the first 42 days after vaccination. The limita- 
tion of these publications is that the distribution of the rash is not reported, 
so the committee cannot conclude that the rash disseminated beyond the 
site of the initial injection. Chaves et al. (2008), Galea et al. (2008), Sharrar 
et al. (2001), and Wise et al. (2000) described the development of rashes 
after administration of a varicella vaccine reported to either the Vaccine 
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Adverse Event Reporting System (VAERS) or Merck’s Worldwide Adverse 
Experience System (WAES). Sharrar et al. (2001) report that all of the 
reports submitted to WAES are submitted to VAERS. Due to the use of 
the same databases, it is likely that many of the cases overlap in the four 
publications. 

Chaves et al. (2008) identified 8,262 reports of rash submitted to 
VAERS from May 1995 through December 2005. The authors reported 
that of 209 specimens, submitted to the National VZV Laboratory at the 
CDC, 55 were wild-type varicella virus and 37 were vaccine-strain varicella 
virus. The remaining specimens either tested negative for varicella virus or 
were inadequate for testing. 

Galea et al. (2008) identified 3,192 reports of rash developing within 
42 days of vaccination submitted to WAES in the first 10 years of the 
licensure of the varicella vaccine in the United States. The authors report 
that of 130 specimens submitted to the Varicella Zoster Virus Identification 
Program (VZVIP), 42 were wild-type varicella virus and 37 were vaccine- 
strain varicella virus. The remaining specimens were negative for varicella 
virus, positive for varicella virus but untypable, or inadequate samples. 

Sharrar et al. (2001) identified 1,349 reports of rash developing within 
42 days of vaccination submitted to VAERS and WAES during the first 
4 years of marketing the varicella vaccine licensed in the United States. 
Ninety-seven specimens were available for analysis by PCR. Of these, 38 
were wild-type varicella virus, 24 were vaccine-strain varicella virus, 19 
were inadequate, 8 were negative for varicella virus, and 8 were positive 
for varicella virus but the strain was not identified. 

Wise et al. (2000) identified 3,640 reports of rash submitted to VAERS 
from March 1995 through July 1998. Varicella virus was demonstrated, by 
PCR, in 70 rash specimens. Of these, the strain was not identified in 5, 43 
were wild-type varicella virus, and 22 were vaccine-strain varicella virus. 

Goulleret and colleagues (2010) used data from the European VZVIP 
to study adverse events reported after vaccination against varicella after 
introduction of the varicella vaccine, licensed for use in the United States, 
in Europe. The authors identified 259 reports of rash developing within 42 
days after vaccination. Specimens were collected from 44 of these cases and 
analyzed by PCR. Of these, 3 were inadequate samples, 4 were negative for 
varicella virus, 32 were wild-type varicella virus, and 5 were vaccine-strain 
varicella virus. 

Described below are 13 publications in which vaccine-strain varicella 
was demonstrated in the skin in individuals after vaccination. However, the 
vaccine was either not that used in the United States, it is unclear which 
vaccine was used, or it is unclear that the rash was disseminated beyond 
the dermatome in which the vaccine was administered. 

Bancillon et al. (1991) administered a varicella vaccine to 33 acute 
lymphoblastic leukemia (ALL) and 4 acute myeloblastic leukemia children. 
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Maintenance therapy consisting of 6-mercaptopurine, methotrexate, 
vincristine, and prednisolone for ALL patients and 6-mercaptopurine and 
cytosine arabinoside for acute myeloid leukemia patients was suspended 
8 days before and 8 days after vaccination. Eight of the children experi- 
enced varicella developing 21 to 87 days postvaccination. Vaccine-strain 
varicella virus was demonstrated in one patient. This report is included 
in the “primary infection” section despite the length of days (up to 87) in 
which the rashes appeared because these children were immunosuppressed. 
It is likely that primary infection could manifest itself with a different time 
course than that of normal healthy children. 

Brunell et al. (1987) administered a varicella vaccine (from three 
sources) to 52 children with acute lymphocytic leukemia. In children receiv- 
ing chemotherapy the treatment was suspended 1 week prior to vaccination 
and 1 week after vaccination. The authors reported fever, lymphadenopa- 
thy, malaise, back and joint pain, and vesicular rashes after vaccination. 
Vesicular lesions developed between 18 and 36 days after vaccination in 
5 of the 52 children immunized. Vaccine-strain varicella virus was dem- 
onstrated, by restriction endonuclease analysis, in vesicular fluid isolated 
from two of the five children presenting with vesicular rashes. In the three 
remaining children either no virus was demonstrated in vesicular fluid or 
specimens were not obtained. 

Christensen et al. (1999) describe a girl 3 years, 6 months old with 
acute lymphocytic leukemia presenting with typical varicella 32 days after 
vaccination and 29 days after receiving a bolus of vincristine. Maintenance 
chemotherapy consisting of 6-mercaptopurine and methotrexate was sus- 
pended before and after vaccination. Vaccine-strain varicella virus was 
demonstrated in vesicular fluid by restriction endonucelase analysis. 

Gelb et al. (1987) administered a varicella vaccine (“research” and 
“consistency” lots) to 350 children with acute lymphocytic leukemia in 
remission for at least 1 year and 117 normal adults. The authors report 
that rashes were more common in children receiving chemotherapy than in 
those who completed chemotherapy. The rashes developed between 1 and 6 
weeks after vaccination. Varicella virus demonstrated in eight children was 
determined to be vaccine-strain varicella virus in three children and wild- 
type varicella virus in three children by restriction endonuclease analysis. 
In two children the type of varicella virus was not determined. 

Gershon et al. (1984a) administered a varicella vaccine to 191 children 
with acute leukemia in remission for 1 year or more. Of the children, 53 
were no longer receiving chemotherapy while chemotherapy was suspended 
in 138. Two of the 53 children no longer receiving chemotherapy and 49 
of the 138 children whose chemotherapy was suspended developed rashes 
after vaccination. Vaccine-strain varicella virus was demonstrated in two 
of these children by restriction endonuclease analysis. A follow-up publi- 
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cation on the same group of children had similar results (Gershon et al., 
1984b). Gershon et al. (1985) presented data from this collaborative study 
after the total enrollment had increased to 240 children. They reported that 
vaccine-strain varicella virus was demonstrated by restriction endonuclease 
analysis in rashes in four children undergoing maintenance chemotherapy. 
After the enrollment had increased to 307 children with acute lymphocytic 
leukemia, Gershon et al. (1986) published updated follow-up results. At 
this time point, the children had been in remission from 9 to 52 months. 
The authors reported maculopapular or papulovesicular rashes developing 
about 1 month after vaccination in three children not receiving maintenance 
chemotherapy and 100 children receiving maintenance chemotherapy. 
Vaccine-strain varicella virus was demonstrated, by restriction endonuclease 
analysis, in eight children. When enrollment had reached 437 children with 
leukemia in remission for 1 year or more, Gershon et al. (1989) published 
another follow-up report. As reported in the previous publications, for 
those patients receiving maintenance chemotherapy, therapy was suspended 
1 week before and after vaccination. Seven of the 65 patients no longer 
receiving chemotherapy and 149 of the 372 patients whose chemotherapy 
was stopped for the vaccination developed rashes. Vaccine-strain varicella 
virus was demonstrated in 17 of these children by restriction endonuclease 
analysis. In this report, Gershon et al. (1989) reported that the source of 
vaccine for the entire study to that time included multiple lots from two 
different companies. 

Ninane et al. (1985) administered a varicella vaccine to 45 children 
with either acute leukemia or solid malignant tumors. In leukemia patients 
maintenance therapy was suspended 1 week before and 1 week after vac- 
cination. In patients with solid tumors the vaccine was administered in the 
middle of a 4-week interval in their therapy. Clinical varicella developed 
in 8 of the 45 children. Vaccine-strain varicella virus was demonstrated 
in a vesicle in one of the eight children. In the remaining seven children, 
wild-type varicella virus was demonstrated in four and no virus was dem- 
onstrated in three. 

White et al. (1991) reviewed data from a multicenter trial of five pro- 
duction lots of vaccine in 3,303 children and adolescents. Three of the five 
lots had fewer than the current minimum 1,350 PFUs per dose. The authors 
reported cases of injection site complaints and rashes developing after vac- 
cination. Specimens were collected from 32 patients for analysis. Of these, 
11 were varicella virus. Nine of these samples were further analyzed by 
restriction endonuclease analysis. Of these nine specimens, eight were wild- 
type varicella virus and one was vaccine-strain varicella virus. 

Hughes et al. (1994) describe a 5-year-old boy, diagnosed with ALL, 
presenting with maculopapular lesions on the right cheek and right leg 8 
days after receiving a varicella vaccine and 2 years after remission was 
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achieved. He was given the varicella vaccine as part of the vaccine study de- 
scribed by Gershon et al. (1984a,b, 1985, 1989). The source of the vaccine 
was not listed in the report. Maintenance chemotherapy was suspended for 
the week before and week after vaccination. New skin lesions continued to 
appear over the next 10 days. The patient had more than 200 skin lesions 
32 days after vaccination. The 3-year-old sister of the vaccinee developed 
vesicles on her face and trunk 14 days after the vaccinee was hospitalized. 
Furthermore, 16 days after the vaccinee’s hospitalization the 22-month-old 
brother of the vaccinee developed vesicles on his scalp and trunk. Vaccine- 
strain varicella was demonstrated, by PCR, in the lesions developing on 
the vaccinee’s siblings. Although vaccine virus was not demonstrated in the 
vaccine recipient, this report is included because the siblings developed a 
rash associated with vaccine virus. 

One case describes primary dissemination of vaccine virus, but it is not 
proven that vaccine virus was involved. Levitsky et al. (2002) described 
a 60-year-old woman who received a varicella vaccine 11 months after 
undergoing an orthotopic liver transplant. At the time of vaccination she 
was taking tacrolimus, sirolimus, and prednisone daily. Three weeks after 
vaccination she presented with small blisters on her abdomen, back, and 
shoulders. The blisters resolved after undergoing treatment with acyclovir. 
Two days after completing the acyclovir treatment a pruritic erythema- 
tous rash developed on her legs and abdomen followed by the eruption of 
clear vesicles in a multidermatomal distribution. The vesicles resolved after 
undergoing treatment with acyclovir. Varicella virus was detected, by a 
direct fluorescent antibody test and rapid shell vial test, in scrapings of the 
vesicles. The virus was unable to be cultured and was not typed. Given the 
age of this subject, even though she did not remember having had varicella, 
it is possible that the rash was wild type, not vaccine related. 


Weight of Mechanistic Evidence 


Infection with varicella zoster virus manifests as a rash, malaise, and 
low-grade fever (Whitley, 2010). The rash, which is a hallmark of infection, 
consists of vesicles, maculopapules, and scabs in varying stages (Whitley, 
2010). The committee considers the effects of natural infection one type of 
mechanistic evidence. 

In addition, the 21 publications described above presented clinical 
evidence sufficient for the committee to conclude the vaccine was a contrib- 
uting cause of disseminated Oka VZV without other organ involvement. 
There were three cases that unequivocally showed that vaccination with the 
current vaccine caused a rash that spread beyond the injection dermatome 
without involvement of other organs. These rashes occurred in immunode- 
ficient patients. In five publications describing reports submitted to passive 
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surveillance systems it was unclear if the rash extended beyond the derma- 
tome in which the vaccine was administered, but vaccine virus was demon- 
strated in the rash from some of the subjects. In nine case reports and five 
publications from a large study of children with leukemia it was not clear 
that the vaccine administered was equivalent to that currently used in the 
United States. In one case of dermal dissemination in an immunosuppressed 
adult, it was not proven that vaccine virus was involved in the rash. In all 
publications described above the vaccine administered contained the Oka 
varicella strain described in the introduction to the chapter. Rashes were 
reported in individuals with and without demonstrated immunodeficien- 
cies (e.g., genetic or acquired). Vaccine-strain varicella was demonstrated 
in skin biopsy and vesicular fluid in 20 of the publications described above 
although it should be noted that five publications represent reports over 
time of the same multicenter study. 

The latency between vaccination and development of rash in the pub- 
lications described above ranged from 8 to 87 days suggesting direct viral 
infection as the mechanism responsible for disseminated Oka VZV without 
other organ involvement, It should be noted that the publications did not 
provide evidence linking autoantibodies, T cells, or complement activation 
to disseminated rash after varicella vaccination. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and disseminated Oka VZV 
without other organ involvement in individuals with or without 
demonstrated immunodeficieincies as strong based on cases! pre- 
senting definitive clinical evidence. 


Causality Conclusion 


Conclusion 5.1: The evidence convincingly supports a causal re- 
lationship between varicella vaccine and disseminated Oka VZV 
without other organ involvement. 


DISSEMINATED OKA VZV WITH OTHER ORGAN INVOLVEMENT 


“Disseminated” in this section refers to disease present in organs in ad- 
dition to the skin in a time frame associated with acute infection. The cases 
that were used to definitively show the association were those in which 
(1) the patient received the vaccine currently in use in the United States, 





1Due to the use of the same surveillance systems in some publications it is likely that some 
of the cases were presented more than once, thus it is difficult to determine the number of 
unique cases. 
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(2) the disease, not mildly abnormal laboratory values, was found in organs 
with or without skin involvment, and (3) vaccine virus was demonstrated 
in the organ. 


Epidemiologic Evidence 


Pneumonia 


The committee reviewed five studies to evaluate the risk of pneumo- 
nia after the administration of varicella vaccine. Four studies (Chaves 
et al., 2008; Goulleret et al., 2010; Sharrar et al., 2001; Wise et al., 2000) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems and lacked unvaccinated 
comparison populations. 

The one remaining controlled study (Black et al., 1999) contributed to 
the weight of epidemiologic evidence and is described below. 

Black et al. (1999) conducted a retrospective cohort study in 89,753 
patients (12 to 18 months of age, older children, and adults) enrolled at the 
Northern California Kaiser Permanente Medical Care Program (KPMCP) 
from April 1995 through December 1996. Eligible patients were identified 
in the clinical database, and received at least one dose of varicella vaccine 
during the study period. Potential adverse events were obtained from the 
database; diagnoses from hospitalizations, emergency room (ER) visits, and 
outpatient clinic visits were included in the analysis. The risk periods for 
diagnoses recorded at outpatient clinic visits, ER visits, and hospitalizations 
were defined as 1-30 days, 0-30 days, and 0-60 days after vaccination, 
respectively. Three control periods were used in the analysis. A historical 
cohort was available for the ER visit and hospitalization analysis; children 
who were 1-2 years of age 1 year before the study began were matched to 
the exposed group on birth date, sex, and date of MMR vaccination. Events 
following routine pediatric vaccinations within the equivalent 30- or 60- 
day risk period were recorded for the historical cohort. Prevaccination and 
postvaccination control periods were included in the analysis. The prevac- 
cination periods were defined as 31-60 days before outpatient clinic visits 
or ER visits, and 31-90 days before hospitalizations. The postvaccination 
periods were defined as 91-120 days after outpatient clinic visits or ER 
visits, and 91-150 days after hospitalizations. The relative risk of pneu- 
monia in the 1-year age group recorded during clinic visits within 30 days 
of varicella vaccination (81 cases), compared to the 31-60 prevaccination 
control period (59 cases), was 1.42 (95% CI, 1.02-1.99). Only statistically 
significant increased risks were reported in the study; analyses were not 
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available for other age groups or comparison groups. The large number of 
comparisons conducted in the study increased the potential for type I error. 


Meningitis 


The committee reviewed three studies to evaluate the risk of meningitis 
after the administration of varicella vaccine. These three studies (Chaves 
et al., 2008; Goulleret et al., 2010; Wise et al., 2000) were not considered in 
the weight of epidemiologic evidence because they provided data from pas- 
sive surveillance systems and lacked unvaccinated comparison populations. 


Hepatitis 


The committee reviewed two studies to evaluate the risk of hepatitis af- 
ter the administration of varicella vaccine. These two studies (Chaves et al., 
2008; Wise et al., 2000) were not considered in the weight of epidemiologic 
evidence because they provided data from passive surveillance systems and 
lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between varicella vaccine and disseminated 
Oka VZV with subsequent infection resulting in pneumonia. 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and disseminated Oka VZV 
with subsequent infection resulting in meningitis or hepatitis. 


Mechanistic Evidence 


Pneumonia 


The committee identified 11 publications reporting disseminated VZV 
with pneumonia after administration of a varicella vaccine. Four publica- 
tions did not provide evidence beyond temporality (Chaves et al., 2008; 
Goulleret et al., 2010; LaRussa et al., 1996; Lohiya et al., 2004). One 
case reported in publications by Ghaffar et al. (2000), Galea et al. (2008), 
Sharrar et al. (2001), and Wise et al. (2000) did not contribute to the weight 
of mechanistic evidence owing to the failure to isolate vaccine-strain vari- 
cella from the bronchial lavage fluid. In this case, rhinovirus, enterovirus, 
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and parainfluenza type III were isolated from the bronchoalveolar fluid 
suggesting the presence of concomitant infections (Ghaffar et al., 2000). 

Described below are five cases reported in six publications reporting 
clinical, diagnostic, or experimental evidence that contributed to the weight 
of mechanistic evidence. 

One case, a 5-year-old boy with a history of cerebral palsy, quadriple- 
gia, seizure disorder, and reactive airway disease treated with clonazepam, 
carbamazepine, albuterol, budesonide, and intermittent steroid therapy, 
was described in two publications (Galea et al., 2008; Sharrar et al., 2001). 
The patient presented with a rash and pneumonia 10 and 17 days, respec- 
tively, after receiving a varicella vaccine. The vaccine was administered 7 
days after the patient finished a steroid taper. Vaccine-strain varicella virus 
was demonstrated, by PCR, in endotracheal secretions. 

One case, a 16-month-old boy who presented with fever, respiratory 
distress, and lower extremity weakness was described in four publications 
(Galea et al., 2008; Kramer et al., 2001; Sharrar et al., 2001; Wise et al., 
2000). The patient had developed a rash 1 month earlier. The patient had 
oral thrush; the patient's history revealed recurrent thrush from 11 months 
of age. The patient received MMR and varicella vaccines at 13 months of 
age. The patient was found to have a total CD4 count of 8 cell/mm? and 
was diagnosed with human immunodeficiency virus (HIV)-1 infection. An 
open-lung biopsy revealed multinucleated giant cells. Vaccine-strain vari- 
cella virus was demonstrated via PCR in the lung biopsy and bronchoal- 
veolar lavage fluid. The patient recovered after treatment with acyclovir 
and antiretrovirals. 

One case, a 13-month-old boy who had previously been diagnosed 
with DiGeorge syndrome and found to have low T cell numbers (396 CD3 
T cells; normal range 2,400—6,900/mm?) at 8 months of age was described 
in two publications (Galea et al., 2008; Waters et al., 2007). The patient 
underwent heart surgery for congenital heart disease at 10 months of age. 
At 12 months of age the patient received the measles, mumps, and rubella 
(MMR) vaccine together with the varicella vaccine. The patient presented 1 
month later with lethargy, vomiting, decreased oral intake, and an episode 
of hematemesis. Respiratory examination revealed tachypnea and bilateral 
inspiratory crackles. Evaluation of bronchoscopy specimens demonstrated 
multinucleated giant cells with nuclear inclusions. Vaccine-strain varicella 
virus was demonstrated via PCR in tracheal aspirates and vesicular lesions 
obtained 7 weeks postvaccination. Measles virus was not detected by PCR. 
The patient remained intubated, and died 6 months later of pulmonary 
hemorrhage. 

One case, an 11-year-old girl who developed an erythematous rash 
over the trunk and scalp, cough, labored breathing, increased respiratory 
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secretions, lethargy, hypothermia, and hypoxemia 5 weeks after varicella 
vaccination was described in two publications (Galea et al., 2008; Levy 
et al., 2003). The patient had congenital cytomegalovirus and a history of 
recurrent, presumably viral infections. Varicella virus was demonstrated via 
PCR in endotracheal fluid. Subsequent restriction fragment length polymor- 
phisms analysis revealed the virus to be vaccine-strain varicella. The patient 
was treated with acyclovir, and recovered. A comprehensive immunologic 
evaluation of the patient revealed a deficiency of natural killer (NK) cells. 

Galea et al. (2008) described a 48-year-old man with Down syndrome 
who developed pneumonitis 13 days after varicella vaccination. The patient 
developed a generalized rash 2 weeks later. Vaccine-strain varicella virus 
was demonstrated via PCR in lesions and sputum specimens. Although 
Down syndrome is not a primary immunodeficiency, adults with Down syn- 
drome often have immunoglobulin subclass abnormalities. It is unknown if 
the humoral immunity of this subject was tested. 


Meningitis 


The committee identified two publications reporting disseminated VZV 
with meningitis after administration of a varicella vaccine. Wise et al. 
(2000) either did not provide evidence beyond temporality or attributed 
the disseminated VZV with meningitis to wild-type varicella virus. This 
publication did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Bryan et al. (2008) described a 21-month-old girl subsequently diag- 
nosed with stage IV neuroblastoma, presenting with two erythematous, um- 
bilicated papules on the right finger and lower right abdomen 5 weeks after 
receiving a varicella vaccine, and 4 weeks into a chemotherapy regimen 
consisting of cyclophosphamide, adriamycin, vincristine, cisplatin, and eto- 
poside. The lesions evolved into vesicular patches. The lesions were positive 
for varicella virus by PCR. Acyclovir was initially administered followed 
by foscarnet therapy. The patient developed conjunctivitis, lethargy, fatigue, 
and photophobia 8 weeks after beginning foscarnet therapy. Varicella virus 
was demonstrated by PCR in lesion scrapings and the cerebrospinal fluid 
(CSF). Varicella virus demonstrated in lesion scrapings was indentified as 
vaccine-strain virus upon restriction endonuclease analysis. The strain of 
varicella virus in the CSF was not determined. Although vaccine-strain virus 
was not demonstrated in the CSF of this child, it is probable that vaccine 
virus was involved because of its presence in the skin and because this case 
likely presented well after the initiation of widespread varicella vaccination 
in the United States. 
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Hepatitis 


The committee identified eight publications reporting the development 
of hepatitis or hepatic pathology after administration of a varicella vaccine. 
Two case reports did not contribute to the weight of mechanistic evidence. 
Suvatte et al. (1985) did not provide evidence beyond temporality. Italiano 
et al. (2009) reported the isolation of vaccine-strain varicella from serum, 
but not from the liver, making it difficult to determine the etiology of liver 
pathology. In addition, Italiano et al. (2009) reported the development of 
toxic shock syndrome resulting from a concomitant Streptococcus pyogenes 
infection. Two publications describing reports submitted to passive surveil- 
lance systems, Chaves et al. (2008) and Wise et al. (2000), did not provide 
clinical, diagnostic, or experimental evidence of causality, including the time 
frame between vaccination and development of hepatic pathology beyond 
the additional data reported in case reports described below and thus did 
not separately contribute to the weight of mechanistic evidence. 

Described below are three cases reporting clinical, diagnostic, or 
experimental evidence that contributed to the weight of mechanistic 
evidence. 

One case, a 13-month-old boy who was subsequently diagnosed with 
adenosine deaminase deficiency, a severe combined immunodeficiency, was 
described in four publications (Galea et al., 2008; Ghaffar et al., 2000; 
Sharrar et al., 2001; Wise et al., 2000). The patient presented with diar- 
rhea and respiratory distress requiring ventilation 2 weeks after receiving a 
varicella vaccine. Rhinovirus, enterovirus, and parainfluenza type III were 
demonstrated in a bronchoalveolar lavage specimen. The patient’s coagula- 
tion studies were abnormal; the serum transaminase values were elevated. 
A liver biopsy revealed multifocal areas of necrosis. Standard cultures were 
negative. The patient developed maculopapular and vesicular lesions on 
the extremities and trunk 4 weeks postvaccination. Varicella virus DNA 
was demonstrated via PCR in the skin lesions and in supernatant of a viral 
culture of a homogenate of the liver biopsy. The identity of the virus as 
vaccine strain was confirmed by restriction fragment length polymorphisms. 

Thara et al. (1992) reported one case of a 5-year-old girl with a history 
of acute lymphocytic leukemia. The patient was vaccinated 6 months after 
complete remission while receiving consolidation chemotherapy consisting 
of vincristine, adriamycin, and dexamethasone every 3 months. The patient 
presented with fever and vesicles 20 days after receiving a varicella vaccine 
(13 days after receiving the third course of consolidation therapy), and 
5 days later the patient was still febrile, in addition to having developed 
jaundice. The patient’s lactate dehydrogenase, asparate aminotransferase, 
and alanine aminotransferase levels were 2,700 IU/L, 1,060 IU/L, and 1,690 
IU/L, respectively. Varicella virus was demonstrated in vesicular fluids and 
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peripheral blood mononuclear cells, and was determined to be vaccine 
strain using restriction endonucleases. Analyses of serum immunoglobulins 
were normal; lymphocyte phenotyping, and proliferation in response to mi- 
togens, were not performed. The weakness of this case is that a liver biopsy 
was not done demonstrating vaccine virus in the liver. The jaundice and 
very elevated liver enzymes directly reflect liver disease not normally seen 
after vaccination. Since vaccine virus was demonstrated in the skin lesions 
and since the child was immune suppressed, it is likely that the vaccine virus 
caused this adverse event. 

One case, reported in detail in the publication by Galea et al. (2008), 
was a 14-month-old boy who presented with a vesicular rash 19 days after 
vaccination. The boy was hospitalized with a disseminated rash, elevated 
aspartate aminotransferase and alanine aminotransferase levels, and fever. 
Multinucleated giant cells consistent with varicella virus infection were 
revealed by a liver biopsy. However, vaccine-strain varicella virus was only 
demonstrated, by PCR, in a lesion. We include this case because of the pa- 
thology (giant cells) seen in the liver. The boy was subsequently diagnosed 
with a severe combined immunodeficiency making it likely that the vaccine 
virus seen in a skin lesion was also in the liver. 


Weight of Mechanistic Evidence 


Infection with varicella zoster virus manifests as a rash, malaise, and 
low-grade fever (Whitley, 2010). The rash, which is a hallmark of infection, 
consists of vesicles, maculopapules, and scabs in varying stages (Whitley, 
2010). Varicella pneumonitis is associated with varicella zoster infection, 
and occurs more commonly in adults and immunocompromised individuals 
(Whitley, 2010). Furthermore, varicella pneumonitis can develop in the ab- 
sence of clinical symptoms (Whitley, 2010). In addition, meningitis has been 
reported as a nervous system manifestation of wild-type varicella infection 
(Whitley, 2010). Furthermore, while rare, hepatitis has been associated with 
wild-type varicella zoster virus infection (Whitley, 2010). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The nine cases described above presented clinical evidence sufficient for 
the committee to conclude the vaccine was a contributing cause of dissemi- 
nated Oka VZV with subsequent infection resulting in pneumonia, men- 
ingitis, or hepatitis. All of the cases described above report patients with 
either a genetic or acquired immunodeficiency with the possible exception 
of one adult with Down syndrome discussed above. Vaccine-strain varicella 
virus was demonstrated in the vesicular fluid, peripheral blood mononu- 
clear cells, liver biopsy supernatant, endotracheal fluid, tracheal aspirates, 
lung biopsy, and bronchoalveolar lavage fluid in the cases described above. 
In most cases vaccine-strain varicella virus was demonstrated in a speci- 
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men from the liver or lung. The one exception was Bryan et al. (2008) as 
the authors demonstrated varicella virus in the CSF of an immunodeficient 
patient but did not identify the strain. The committee felt that vaccine strain 
virus was likely the etiology of the meningitis as it would be unusual to have 
dermal dissemintation of vaccine virus in an immunodeficient patient who 
had wild-type virus in the CSF. 

The latency between vaccination and disseminated Oka VZV with 
subsequent infection resulting in pneumonia, meningitis, or hepatitis in 
the publications described above ranged from 10 days to 2 months sug- 
gesting direct viral infection as the mechanism. Autoantibodies, T cells, 
and complement activation may also contribute to hepatitis; however, the 
publications did not provide evidence linking these mechanisms to varicella 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and disseminated Oka VZV 
with subsequent infection resulting in pneumonia, meningitis, or 
hepatitis in individuals with demonstrated immunodeficiencies as 
strong based on nine cases presenting definitive clinical evidence. 


Causality Conclusion 


Conclusion 5.2: The evidence convincingly supports a causal re- 
lationship between varicella vaccine and disseminated Oka VZV 
with subsequent infection resulting in pneumonia, meningitis, or 
hepatitis in individuals with demonstrated immunodeficiencies. 


VACCINE-STRAIN VIRAL REACTIVATION 
WITHOUT OTHER ORGAN INVOLVEMENT 


Vaccine-strain viral reactivation and dissemination as zoster limited to 
the skin is defined as appearance of zoster in more than the dermatome that 
was the site of the initial vaccination. 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of vaccine- 
strain viral reactivation without other organ involvement after the ad- 
ministration of varicella vaccine. These three studies (Chaves et al., 2008; 
Sharrar et al., 2001; Wise et al., 2000) were not considered in the weight 
of epidemiologic evidence because they provided data from passive surveil- 
lance systems and lacked unvaccinated comparison populations. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and vaccine-strain viral reac- 
tivation without other organ involvement. 


Mechanistic Evidence 


The committee identified 27 publications reporting viral reactivation 
without other organ involvement after vaccination against varicella. Eight 
publications did not provide evidence beyond temporality (Broyer and 
Boudailliez, 1985; Diaz et al., 1991; Emir et al., 2006; Katsushima et al., 
1982; Lin et al., 2009; Minamitani et al., 1982; Naseri et al., 2003; Taka- 
hashi et al., 1985). These publications did not contribute to the weight of 
mechanistic evidence. 

Described below are 19 publications reporting clinical, diagnostic, or 
experimental evidence that contributed to the weight of mechanistic evi- 
dence. The zoster in some cases seemed to involve more than the initial site 
of vaccination but that was only explicitly stated in two cases, one reported 
in two publications describing reports submitted to passive surveillance 
systems, Chaves et al. (2008) and Galea et al. (2008), and one reported by 
Chan et al. (2007). 

Chaves et al. (2008), Galea et al. (2008), Sharrar et al. (2001), and 
Wise et al. (2000) described the development of rashes after administration 
of a varicella vaccine reported to either the VAERS or WAES. Sharrar et al. 
(2001) report that all of the reports submitted to WAES are submitted to 
VAERS. Due to the use of the same databases, it is likely that many of the 
cases overlap in the four publications. 

Chaves et al. (2008) identified 981 reports of herpes zoster after vac- 
cination submitted to VAERS from May 1995 through December 2005. 
Of the 981 reports, 1 was due to herpes simplex virus, 1 was due to an 
allergic reaction, 11 were due to varicella virus but genotyping was not 
performed, 10 were due to wild-type varicella virus, and 8 were due to 
vaccine-strain varicella virus. In addition, the authors report that of 118 
specimens submitted to the National VZV Laboratory at the CDC, 24 were 
wild-type varicella virus, and 47 were vaccine-strain varicella virus. The 
latency between vaccination and presentation of herpes zoster in patients 
where vaccine-strain varicella virus was demonstrated ranged from 1 to 
11 years. One case, reported in detail, was a 5-year-old girl who presented 
with a zoster-like rash on the right side of the face and right eye 25 days 
after receiving a varicella vaccine, diphtheria-tetanus-accellular pertussis 
(DTaP) vaccine, and oral polio virus vaccine. The vaccine strain of VZV 
was demonstrated. This section was arbitrarily assigned to the reactivation 
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section despite the early onset because of the description of the virus as 
“zoster-like.” This case was also reported by Galea et al. (2008). 

Galea et al. (2008) identified 697 reports of herpes zoster after vaccina- 
tion submitted to WAES in the first 10 years of the licensure of the varicella 
vaccine in the United States. Of the 697 reports, 38 were due to wild-type 
varicella virus and 57 were due to vaccine-strain varicella virus (some of 
these cases also reported meningitis). In one case a child was diagnosed 
with acute lymphocytic leukemia 10 days after administration of a vari- 
cella vaccine. The child developed herpes zoster 23 days, 47 days, and 116 
days after vaccination. Vaccine-strain varicella virus was demonstrated by 
PCR. The latency between vaccination and presentation of herpes zoster in 
patients where vaccine-strain varicella virus was demonstrated ranged from 
23 days to 7.7 years. 

Sharrar et al. (2001) identified 205 reports of herpes zoster after vacci- 
nation submitted to VAERS and WAES during the first 4 years of marketing 
the varicella vaccine licensed in the United States. From these 205 reports 
56 specimens were analyzed by PCR. Of the 56 specimens, 4 were negative, 
18 were inadequate, 2 were not typed, 10 were wild-type varicella virus, 
and 22 were vaccine-strain varicella virus. The latency between vaccination 
and presentation of herpes zoster in patients where vaccine-strain varicella 
virus was demonstrated ranged from 47 to 1,249 days. 

Wise et al. (2000) identified 251 reports of herpes zoster after vaccina- 
tion submitted to VAERS from March 1995 through July 1998. Varicella 
virus was demonstrated via PCR in 26 of the 251 reports. Of the 26 speci- 
mens, 12 were wild-type varicella virus and 14 were vaccine-strain varicella 
virus. The latency between vaccination and presentation of herpes zoster 
in patients where vaccine-strain varicella virus was demonstrated was a 
median of 19 weeks. 

Goulleret et al. (2010) used data from the European VZVIP to study 
adverse events reported after vaccination against varicella after introduc- 
tion of the varicella vaccine, licensed for use in the Unites States, in Eu- 
rope. The authors identified 44 reports of herpes zoster after vaccination. 
Specimens were collected from 17 of the 44 cases. Of these 17 specimens, 
seven were negative for varicella virus, one was positive for varicella virus 
but the strain was not determined, one was wild-type varicella virus, and 
eight were vaccine-strain varicella virus. The latency between vaccination 
and presentation of herpes zoster in patients where vaccine-strain varicella 
virus was demonstrated ranged from 89 days to 30 months. The location 
of the zoster was not reported. 

Chan et al. (2007) reported the case of a 9-year-old boy with chronic 
granulomatous disease with multiple complications from the disease who 
was administered a varicella vaccine at age 7 years, and who subsequently 
underwent bone marrow transplantation at age 8 years. He was placed 
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on long-term therapy consisting of prednisolone 5 mg and azithromycin 
250 mg daily. At age 9 years (approximately 2 years after vaccination) the 
patient developed herpes zoster over his back and left arm. Varicella virus 
was demonstrated via PCR in vesicular lesions. Subsequent restriction en- 
zyme analysis revealed the virus to be vaccine-strain varicella. 

Ota et al. (2008) reported a 28-month-old boy presenting with vesicles 
on the anterior thorax, left forearm, left wrist, and left hand. The patient re- 
ceived a varicella vaccine 15 months before the development of symptoms. 
The patient received a dual hepatitis A and hepatitis B vaccine 2 days prior 
to developing herpes zoster. Similar lesions appeared in the same areas 3 
months later. The patient experienced a third episode with lesions in the 
same areas 2 months later. Vaccine-strain varicella virus was demonstrated 
via PCR in vesicular fluid obtained during the first outbreak of herpes zos- 
ter. The patient’s history did not suggest an underlying immunodeficiency. 
Evaluation of immunoglobulin levels; antibody titers; T, B, and NK cell 
numbers; and proliferative responses to mitogens and antigens including 
VZV were found to be normal. In addition, the patient tested negative for 
HIV-1. 


Other Cases 


Described below are publications in which vaccine-strain varicella was 
demonstrated in individuals with viral reactivation; however, the vaccine 
was not that used in the United States. 

Christensen et al. (1999) reported the case of a 4-year-old boy who be- 
gan treatment for acute lymphocytic leukemia, received a varicella vaccine, 
and then developed a rash and fever 30 days after vaccination. At the time 
of vaccination, the patient was undergoing treatment with methotrexate 
and mercaptopurine, and this therapy was continued postvaccination. The 
patient developed herpes zoster over the left chest 70 days postvaccination. 
Varicella virus DNA was demonstrated via PCR in vesicle fluid, and was 
found to be vaccine strain by restriction endonuclease analysis. 

One case, a 27-month-old girl presenting with a herpes zoster rash in a 
C6-C8 dermatomal distribution 16 months after receiving a varicella vac- 
cine, was described in three publications (Sauerbrei et al., 2003, 2004; Uebe 
et al., 2002). The patient was vaccinated 2 days after her sister developed 
varicella. Vaccine-strain varicella was demonstrated via PCR in vesicular 
fluid. The child had a history suspicious for immunocompromise with two 
hospital admissions (one for fever, the other for diarrhea), molluscum con- 
tagiosum beginning at 18 months, and monthly upper respiratory infections 
since 21 months of age. Evaluation of the immune system did not reveal 
immunodeficiency. There were normal T, B, and NK cell numbers but an 
inverted CD4:CD8 ratio with slightly elevated CD8 T cells. Serum IgG, IgA, 
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and IgM were normal, and the patient had specific antibodies to viral anti- 
gens. Tests excluded purine nucleoside phosphorylase deficiency and HIV. 

In the following three cases the vaccine was likely not that used in the 
United States and the distribution of zoster may have been the inoculation 
site. For these two reasons, these cases do not contribute to the weight of 
evidence. 

One case, a 4-year-old boy with acute lymphocytic leukemia who de- 
veloped herpes zoster in the right deltoid 22 months after administration of 
a varicella vaccine (source not given), was described in seven publications 
(Gelb et al., 1987; Gershon et al., 1984b, 1985, 1986; Hardy et al., 1991; 
Lawrence et al., 1988; Williams et al., 1985). The vaccine was administered 
18 months after initiation of chemotherapy. Chemotherapy was suspended 
1 week prior to and after administration of the vaccine. Varicella virus was 
cultured from vesicular fluid. Subsequent restriction endonuclease analysis 
demonstrated the virus to be vaccine-strain varicella. In addition to the case 
described above, Hardy et al. (1991) reported a 5-year-old boy with leuke- 
mia who developed herpes zoster in the right arm (possibly the vaccination 
site) 19 months after vaccination (source not given) and 3 months after 
undergoing bone marrow transplantation. Varicella virus was cultured from 
vesicular fluid; subsequent restriction endonuclease analysis demonstrated 
the virus to be vaccine-strain varicella. The patient was considered immuno- 
compromised due to the short duration since bone marrow transplantation. 

Otsuka et al. (2009) described a 3-year-old girl who presented with 
herpes zoster 2 years after receiving a varicella vaccine. The distribution 
of the zoster was not provided. The patient’s 2-year-old brother developed 
a fever and rash consisting of papulovesicles on the day that the patient 
recovered. Varicella virus DNA was demonstrated in the patient’s brother’s 
vesicular fluid and crust specimens; the virus was identified as vaccine-strain 
varicella by restriction fragment length polymorphism. 


Weight of Mechanistic Evidence 


Herpes zoster is characterized by vesicular lesions erupting in a derma- 
tomal distribution upon the reactivation of latent wild-type varicella virus 
(Whitley, 2010). Herpes zoster afflicts approximately 20 percent of the 
population (Whitley, 2010). The committee considers the effects of natural 
infection one type of mechanistic evidence. 

Cases showing definite dermal dissemination of zoster from the vac- 
cine needed to meet three critera, namely, (1) the zoster distribution was 
reported to extend beyond the dermatome of the initial injection, (2) the 
zoster was shown to be vaccine type, and (3) the vaccine given was that 
currently given in the United States. Only two cases meet these criteria, 
one reported by Chan et al. (2007) and one reported by both Chaves et al. 
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(2008) and Galea et al. (2008). This second case is somewhat less convinc- 
ing because the zoster-like rash in that case developed only 25 days after the 
initial vaccination. The other cases reviewed, however, increased the com- 
mittee’s confidence, because of the large number of zoster cases reported in 
the four publications describing reports submitted to passive surveillance 
systems. It seems certain that some of these had disseminated beyond the 
initial injection site. In addition, the vaccines that were not clearly that used 
in the United States led to disseminated zoster limited to the skin in several 
cases. Thus, the 18 publications described above presented clinical evidence 
sufficient for the committee to conclude that the vaccine was a contributing 
cause of viral reactivation with dermal dissemination without other organ 
involvement. In 13 of the publications described above it was unclear if the 
vaccine administered was equivalent to that currently used in the United 
States. In all publications described above the vaccine administered con- 
tained the Oka varicella strain described in the introduction to the chapter. 
Herpes zoster was reported in individuals with and without demonstrated 
immunodeficiencies (e.g., genetic or acquired). Vaccine-strain varicella was 
demonstrated in vesicular fluid in the cases described above. 

The latency between vaccination and development of herpes zoster in 
the publications described above ranged from 23 days to 11 years suggest- 
ing viral reactivation as the mechanism. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and vaccine-strain viral reacti- 
vation without other organ involvement as strong based on cases? 
presenting clinical evidence. 


Causality Conclusion 


Conclusion 5.3: The evidence convincingly supports a causal rela- 
tionship between varicella vaccine and vaccine-strain viral reactiva- 
tion without other organ involvement. 


VACCINE-STRAIN VIRAL REACTIVATION 
WITH OTHER ORGAN INVOLVEMENT 


The definition of vaccine-strain viral reactivation with organ involve- 
ment involves the finding of vaccine virus in sites other than the skin after 
42 days after the initial vaccination. Vaccine virus should be found in the 





2Due to the use of the same surveillance systems in some publications it is likely that some 
of the cases were presented more than once, thus it is difficult to determine the number of 
unique cases. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


262 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


organ that is involved and the findings in the organ should support the 
presence of disease not merely minor laboratory abnormalities. 


Epidemiologic Evidence 


Meningitis 


The committee reviewed three studies to evaluate the risk of meningitis 
after the administration of varicella vaccine. These three studies (Chaves 
et al., 2008; Goulleret et al., 2010; Wise et al., 2000) were not considered in 
the weight of epidemiologic evidence because they provided data from pas- 
sive surveillance systems and lacked unvaccinated comparison populations. 


Encephalitis 


The committee reviewed six studies to evaluate the risk of encephalitis 
after the administration of varicella vaccine. Five studies (Chaves et al., 
2008; Galea et al., 2008; Goulleret et al., 2010; Sharrar et al., 2001; Wise 
et al., 2000) were not considered in the weight of epidemiologic evidence 
because they provided data from passive surveillance systems and lacked 
unvaccinated comparison populations. 

The one remaining controlled study (Donahue et al., 2009) contributed 
to the weight of epidemiologic evidence and is described below. 

Donahue et al. (2009) conducted a retrospective cohort study in 3.25 
million children (11 months to 17 years of age) enrolled at eight medical 
care organizations (MCOs) participating in the Vaccine Safety Datalink 
(VSD) from January 1991 through December 2004. The study investigated 
the occurrence of ischemic stroke or encephalitis (reported in hospitaliza- 
tions) within 12 months of varicella vaccination. The unexposed period 
included all other time observed outside the 12-month risk window. Chil- 
dren were eligible to participate if they were enrolled in the MCO for at 
least 12 months (or since birth). Patients with diagnoses of infantile ce- 
rebral palsy, stroke, or hemiplegia/hemiparesis at or before 11 months of 
age were excluded. The participants were disenrolled from the study once 
they experienced one of the primary outcomes, reached 18 years of age, 
left their MCO, or received one of the exclusionary diagnoses (leukemia/ 
lymphoma, HIV/AIDS, primary immune system and bone marrow disor- 
ders, leucopenia, myeloproliferative diseases, and other syndromes associ- 
ated with immunodeficiency). The analyses were adjusted for MCO site, 
months after exposure, calendar time, and gender. The vaccination and 
diagnosis information were obtained from electronic databases; the authors 
did not review the medical charts. Approximately 1.14 million children 
were vaccinated and 2.09 million children were not vaccinated during the 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


VARICELLA VIRUS VACCINE 263 


study. A total of 243 children were diagnosed with encephalitis, of whom 
11 were diagnosed within 12 months, and 1 was diagnosed within 90 days 
of receiving a varicella vaccination. None of the adjusted hazard ratios for 
encephalitis observed at any time within 12 months of vaccination were 
significantly elevated. Only one hazard ratio was listed in the study for 
encephalitis within 30-90 days of varicella vaccination (HR, 0.7; 95% CI, 
0.1—5.2). The authors found no association between the administration of 
varicella vaccine and encephalitis within 12 months following vaccination. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, 
to assess an association between varicella vaccine and vaccine- 
strain viral reactivation with subsequent infection resulting in 
encephalitis. 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and vaccine-strain viral reac- 
tivation with subsequent infection resulting in meningitis. 


Mechanistic Evidence 


Meningitis 


The committee identified nine publications reporting viral reactivation 
with subsequent infection resulting in meningitis after administration of 
a varicella vaccine. Wise et al. (2000) reported the isolation of wild-type 
varicella virus in one girl that developed herpes zoster and meningitis 21 
months after administration of a varicella vaccine. This publication did not 
contribute to the weight of mechanistic evidence. 

Described below are eight publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. Seven case reports were strong in that vaccine virus was detected 
in the CSF associated with meningitis months to years after the initial 
vaccination. 

Chaves et al. (2008) and Galea et al. (2008) described the development 
of herpes zoster with subsequent infection resulting in meningitis after ad- 
ministration of a varicella vaccine reported to VAERS and WAES. Sharrar 
et al. (2001) report that all of the reports submitted to WAES are submitted 
to VAERS. Due to the use of the same material it is likely that many of the 
cases overlap in Chaves et al. (2008) and Galea et al. (2008). 

There were two cases in the publications describing reports submitted 
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to passive surveillance systems with meningitis and vaccine virus dem- 
onstrated in the CSF. The other cases were not associated with vaccine 
virus in the CSF and thus did not contribute to the weight of mechanistic 
evidence. One case was a 4-year-old child undergoing chemotherapy for 
acute lymphocytic leukemia who presented with herpes zoster followed by 
meningitis (Chaves et al., 2008; Galea et al., 2008). The child had been 
given the varicella vaccine while healthy, 19 months before presentation of 
symptoms of meningitis. Vaccine-strain varicella was demonstrated in the 
CSF and herpes zoster lesions. The patient’s immune system was suppressed 
by the chemotherapy. Chaves et al. (2008) reported a second case. A 4-year- 
old previously healthy child presented with herpes zoster rash followed by 
meningitis. The patient had received a varicella vaccine 32 months earlier. 
Vaccine-strain varicella was demonstrated in the CSF. 

Chaves et al. (2008) identified an additional eight cases of herpes zoster 
with subsequent infection resulting in meningitis after administration of a 
varicella vaccine. Two demonstrated vaccine-strain varicella in skin lesions 
but did not detect varicella virus in the CSE Galea et al. (2008) identified an 
additional five cases of herpes zoster with subsequent infection resulting in 
meningitis after administration of a varicella vaccine. CSF specimens from 
these cases were negative for varicella virus. Vaccine-strain varicella virus 
was demonstrated in the herpes zoster lesions in two of the five cases. Wild- 
type varicella virus was demonstrated in the herpes zoster lesion in one of 
the five cases. Also, in one of the five cases enterovirus was demonstrated 
in the CSF. These cases did not contribute to the weight of evidence. 

Iyer et al. (2009) reported a 9-year-old boy presenting with a zoster 
rash followed 4 days later by headache and then fatigue, as well as neck 
and back pain. The previously healthy child had received a varicella vac- 
cine 8 years before development of symptoms. The CSF was negative for 
bacteria, enterovirus, and herpes simplex virus. DNA was amplified via 
PCR from vesicle fluid and the CSF, and demonstrated to be vaccine-strain 
varicella by identification of single-nucleotide polymorphisms. The patient 
was screened for immunodeficiency; a lymphocyte subset analysis was per- 
formed and was normal. 

Levin et al. (2008) reported an 8-year-old boy who developed pruritic 
vesicles on the left shoulder followed 4 days later by headache, meningis- 
mus, photophobia, vomiting, and fever. The patient was diagnosed with 
herpes zoster and meningitis. The patient had received a varicella vaccine 7 
years before presentation of symptoms. Vaccine-strain varicella was demon- 
strated via PCR in vesicular lesions and the CSF. The patient was screened 
for immunodeficiency; the patient's immunoglobulin levels, and T cell and 
B cell subsets, were found to be normal and the HIV-1 test was negative. 

Levin et al. (2003) describe a 1-year-old boy, subsequently diagnosed 
with a neuroblastoma, presenting with herpes zoster lesions on the right 
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thigh, the site of vaccination, 3 months after receiving a varicella vaccine 
and the start of chemotherapy. The lesions increased in number and area of 
involvement 4 months after the onset of herpes zoster. The patient became 
irritable and developed fever and erythematous papules on the scalp, face, 
and trunk 1 month after stem-cell infusion. Varicella virus isolated from a 
skin biopsy and the CSF was determined to be vaccine strain by PCR. 

Three cases of meningitis were reported in which varicella was detected 
in the CSF but the virus was not typed. These cases follow but did not 
contribute to the weight of evidence. Schwab and Ryan (2004) described a 
5-year-old girl who presented with headache, fever, and a pruritic rash with 
raised lesions that began on the face and spread to the trunk 18 months after 
receiving a varicella vaccine. A positive Brudzinski sign was elicited. Vari- 
cella virus was demonstrated in skin lesions by direct immunofluorescence 
antibody and in the CSF by PCR; the strain of virus was not identified. 

Chilek et al. (2010) described a 10-year-old boy who presented with 
a bilateral photophobia, headache, left eye pain, and a nondermatomal 
vesicular rash involving the upper extremities, neck, and left eye after ad- 
ministration of catch up of two varicella vaccines 9 and 3 months earlier. 
Varicella virus was demonstrated by direct fluorescent antibody and viral 
culture. Testing was not done to determine if the virus was wild type or 
vaccine type. The patient tested positive for HIV. 

Naruse et al. (1993) described a 45-month-old boy who presented with 
a vesicular rash, not limited to any dermatomal distribution, originating 
on the face and chest and spreading to the extremities 21 months after 
administration of a varicella vaccine. Two days later the patient developed 
headache and frequent vomiting. Bacterial cultures of the blood, throat 
swab, and CSF were negative. Varicella virus was demonstrated in the CSF 
by PCR; the strain of virus was not identified. 


Encephalitis 


The committee identified three publications reporting the development 
of encephalitis after administration of a varicella vaccine. One publication 
reported multiple cases but did not provide evidence beyond temporality 
(Sharrar et al., 2001). In addition, the development of encephalitis in some 
of the cases was attributed to other etiologies. This publication did not 
contribute to the weight of mechanistic evidence. 

Described below is one case described in two publications reporting 
clinical, diagnostic, or experimental evidence that contributed to the weight 
of mechanistic evidence. 

The single case was a 3-year-old girl who presented with a herpetiform 
rash on the right side of her face, dizziness, vomiting, somnolence, fever, 
and conjunctivitis 20 months after receiving a varicella vaccine (Chouliaras 
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et al., 2010; Goulleret et al., 2010). An electroencephalogram showed slow 
waves consistent with encephalitis. Analysis of the CSF revealed normal 
levels of protein and glucose, and no white blood cells. In addition, the 
CSF was negative for herpes simplex virus 1 and 2. The patient was diag- 
nosed with mild encephalitis and herpes zoster ophthalmicus. Vaccine-strain 
varicella was demonstrated via PCR in the CSF. Analysis of serum immu- 
noglobulins and quantification of T cell and B cell subpopulations did not 
reveal abnormalities of the patient’s immune system. 


Weight of Mechanistic Evidence 


Herpes zoster is characterized by vesicular lesions erupting in a derma- 
tomal distribution upon the reactivation of latent wild-type varicella virus 
(Whitley, 2010). Herpes zoster afflicts approximately 20 percent of the 
population, and can be associated with central nervous system complica- 
tions (Whitley, 2010). Meningitis and encephalitis have been reported as 
nervous system manifestations of wild-type varicella infection (Whitley, 
2010). Encephalitis has been reported as a nervous system manifestation in 
0.1-0.2 percent of individuals infected with wild-type varicella zoster virus 
(Whitley, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

In addition, six cases described above presented clinical evidence suf- 
ficient for the committee to conclude the vaccine was a contributing cause 
of vaccine-strain viral reactivation with subsequent infection resulting in 
meningitis or encephalitis (Chaves et al., 2008; Chouliaras et al., 2010; 
Galea et al., 2008; Goulleret et al., 2010; Iyer et al., 2009; Levin et al., 
2003, 2008). Vaccine-strain varicella virus was demonstrated in the CSF 
in six cases described above (Chaves et al., 2008; Chouliaras et al., 2010; 
Galea et al., 2008; Goulleret et al., 2010; Iyer et al., 2009; Levin et al., 
2003, 2008). In addition, vaccine-strain varicella virus was demonstrated in 
vesicular lesions in four of the cases described above (Chaves et al., 2008; 
Galea et al., 2008; Iyer et al., 2009; Levin et al., 2003, 2008). 

The variation in the latency between vaccination and development of 
symptoms of either meningitis or encephalitis was considerable. The latency 
between vaccination and the development of either meningitis or encepha- 
litis ranged from 19 months to 8 years suggesting viral reactivation as the 
mechanism in the cases described above. 


The committee concludes the clinical and biological evidence is 
strong in support of an association between varicella vaccine and 
vaccine-strain viral reactivation with subsequent infection resulting 
in meningitis or encephalitis based on six cases presenting definitive 
clinical evidence. 
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Causality Conclusion 


Conclusion 5.4: The evidence convincingly supports a causal re- 
lationship between varicella vaccine and vaccine-strain viral re- 
activation with subsequent infection resulting in meningitis or 
encephalitis. 


ENCEPHALOPATHY 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of encephali- 
tis after the administration of varicella vaccine. These three studies (Chaves 
et al., 2008; Goulleret et al., 2010; Wise et al., 2000) were not considered in 
the weight of epidemiologic evidence because they provided data from pas- 
sive surveillance systems and lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and encephalopathy. 


Mechanistic Evidence 


The committee identified three publications reporting the develop- 
ment of encephalopathy after administration of a varicella vaccine. Two 
publications did not provide clinical, diagnostic, or experimental evidence, 
including the time frame between vaccination and development of symp- 
toms (Chaves et al., 2008; Goulleret et al., 2010). One publication reported 
multiple cases, but did not provide evidence beyond temporality (Wise 
et al., 2000). In addition, the development of symptoms in some of the 
cases described by Wise et al. (2000) was attributed to other etiologies. 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of encephalopathy. Viral infection 
and viral reactivation may contribute to the symptoms of encephalopathy; 
however, the publications did not provide evidence linking these mecha- 
nisms to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and encephalopathy as lacking. 
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Causality Conclusion 


Conclusion 5.5: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and encephalopathy. 


SEIZURES 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of seizures 
after the administration of varicella vaccine. Three studies (Chaves et al., 
2008; Klein et al., 2010; Wise et al., 2000) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. 

The one remaining controlled study (Black et al., 1999) contributed to 
the weight of epidemiologic evidence and is described below. 

The study by Black et al. (1999) was described in detail in the section 
on disseminated Oka VZV with subsequent infection resulting in pneu- 
monia. This retrospective cohort study reported potential adverse events 
following varicella vaccination, obtained from the KPMCP database. The 
relative risk of febrile seizures in the 1-year age group recorded during hos- 
pitalizations within 60 days of varicella vaccination (21 cases), compared 
to the 91-150 postvaccination control period (8 cases), was 2.27 (95% 
CI, 1.03-5.45; p = .04). When this analysis was adjusted for patients who 
received MMR vaccine in combination with varicella vaccine, the associa- 
tion was no longer statistically significant (relative risk [RR], 0.58; 95% CI, 
0.07-3.92; p = .586).? The relative risk of seizures in the 1-year age group 
recorded during clinic visits within 30 days of varicella vaccination (52 
cases), compared to the 91-120 postvaccination control period (30 cases), 
was 1.36 (95% CI, 1.02-2.52); however, this analysis was not adjusted for 
combined MMR vaccination. Only statistically significant increased risks 
were reported in the study; analyses were not available for other age groups 
or comparison groups. The authors concluded that varicella vaccination 
is not associated with an increased risk of seizures when the results are 
adjusted for combined administration of MMR vaccine. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between varicella vaccine and seizures. 





3P, M. Ray, Kaiser Permanente Vaccine Study Center, personal communication, April 22, 
2010. 
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Mechanistic Evidence 


The committee identified three publications reporting seizures devel- 
oping after administration of a varicella vaccine. One publication did not 
provide clinical, diagnostic, or experimental evidence, including the time 
frame between vaccine administration and development of seizure (Chaves 
et al., 2008). Two publications did not provide evidence beyond temporal- 
ity (Klein et al., 2010; Wise et al., 2000). In addition, Klein et al. (2010) 
reported the concomitant administration of vaccines, making it difficult to 
determine which, if any, vaccine could have been the precipitating event. 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


Varicella infection is associated with seizures indirectly. Seizures can 
develop after wild-type varicella infection secondary to encephalitis and 
stroke (Whitley, 2010). The committee considers the effects of natural infec- 
tion one type of mechanistic evidence. 

The symptoms described in the publications described above are con- 
sistent with those leading to a diagnosis of seizure. In some instances fever 
may contribute to the development of seizures; however, the publications 
did not provide evidence linking this mechanism to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and seizures as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 5.6: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and seizures. 


CEREBELLAR ATAXIA 


Epidemiologic Evidence 


The committee reviewed six studies to evaluate the risk of cerebellar 
ataxia after the administration of varicella vaccine. Five studies (Chaves 
et al., 2008; Goulleret et al., 2010; Sharrar et al., 2001; van der Maas et al., 
2009; Wise et al., 2000) were not considered in the weight of epidemiologic 
evidence because they provided data from passive surveillance systems and 
lacked unvaccinated comparison populations. One controlled study (Black 
et al., 1999) had very serious methodological limitations that precluded its 
inclusion in this assessment. The study by Black et al. (1999) was unable 
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to find any cases of cerebellar ataxia following varicella vaccination, so no 
conclusions could be drawn from this analysis. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and cerebellar ataxia. 


Mechanistic Evidence 


The committee identified five publications reporting cerebellar ataxia 
developing after administration of a varicella vaccine. Two publications 
did not provide clinical, diagnostic, or experimental evidence, including the 
time frame between vaccination and development of ataxia (Chaves et al., 
2008; Goulleret et al., 2010). Three publications did not provide evidence 
beyond temporality (Sharrar et al., 2001; Sunaga et al., 1995; Wise et al., 
2000). The publications did not contribute to the weight of mechanistic 
evidence. 


Weight of Mechanistic Evidence 


Cerebellar ataxia is associated with wild-type varicella infection with 
an incidence of approximately 1 in 4,000 cases among children younger 
than 15 years of age (Whitley, 2010). Cerebellar ataxia has been reported 
to present as late as 21 days after rash onset, while acute cerebellar ataxia 
has been reported to present within 1 week of rash onset (Whitley, 2010). 
The committee considers the effects of natural infection one type of mecha- 
nistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of cerebellar ataxia. Viral infection 
may contribute to the symptoms of cerebellar ataxia; however, evidence 
of this mechanism was not reported in the publications referenced above. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and cerebellar ataxia as weak 
based on knowledge about the natural infection. 


Causality Conclusion 


Conclusion 5.7: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and cerebellar ataxia. 
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ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of acute 
disseminated encephalomyelitis (ADEM) after the administration of vari- 
cella vaccine. These two studies (Goulleret et al., 2010; Wise et al., 2000) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems and lacked unvaccinated 
comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and ADEM. 


Mechanistic Evidence 


The committee identified one publication reporting development of 
ADEM after administration of a varicella vaccine. The publication reported 
several cases but did not provide evidence beyond temporality (Wise et al., 
2000). The publication did not contribute to the weight of mechanistic 
evidence. 


Weight of Mechanistic Evidence 


Infection with wild-type varicella zoster is associated with ADEM with 
an incidence of approximately 1 per 10,000 cases (Davis, 2008). The com- 
mittee considers the effects of natural infection one type of mechanistic 
evidence. 

The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of ADEM. Autoantibodies, T 
cells, and molecular mimicry may contribute to the symptoms of ADEM; 
however, the publication did not provide evidence linking these mechanisms 
to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and ADEM as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 5.8: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and ADEM. 
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TRANSVERSE MYELITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of transverse 
myelitis after the administration of varicella vaccine. This one study (Wise 
et al., 2000) was not considered in the weight of epidemiologic evidence 
because it provided data from a passive surveillance system and lacked an 
unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee identified two publications reporting transverse myelitis 
after administration of a varicella vaccine. One publication did not provide 
evidence beyond temporality (Wise et al., 2000). The publication did not 
contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

LaRovere et al. (2008) described a 14-year-old boy presenting with a 
papulovesicular rash 8 years after receiving a varicella vaccine. The patient 
presented with mid-scapular pain 6 days after resolution of the rash, fol- 
lowed 2 days later by bilateral leg paresthesias and weakness, urinary reten- 
tion, and unsteady gait leading to a diagnosis of acute transverse myelitis. 
Antivaricella antibodies, but not varicella virus, were demonstrated in the 
CSE The patient was treated with intravenous methylprednisolone and was 
asymptomatic 2 months after development of the symptoms. 


Weight of Mechanistic Evidence 


On rare occasions transverse myelitis has been associated with herpes 
zoster and reactivation of latent wild-type varicella viruses (Whitley, 2010). 
The committee considers the effects of natural infection one type of mecha- 
nistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause 
of transverse myelitis. The development of a papulovesicular rash 8 years 
after administration of the vaccine, and isolation of antivaricella antibodies 
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from the CSF, suggests viral reactivation as a mechanism. However, vaccine- 
strain varicella was not isolated, detracting from the weight of mechanistic 
evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of transverse myelitis. Autoanti- 
bodies, T cells, viral reactivation, infection, and molecular mimicry may 
contribute to the development of transverse myelitis; however, the pub- 
lications did not provide evidence linking these mechanisms to varicella 
vaccine. 


The committee assesses the mechanistic evidence regarding an 
association between varicella vaccine and transverse myelitis as 
weak based on knowledge about the natural infection and one 
publication. 


Causality Conclusion 


Conclusion 5.9: The evidence is inadequate to accept or reject 
a causal relationship between varicella vaccine and transverse 
myelitis. 


GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of GBS after 
the administration of varicella vaccine. This one study (Wise et al., 2000) 
was not considered in the weight of epidemiologic evidence because it pro- 
vided data from a passive surveillance system and lacked an unvaccinated 
comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and GBS. 


Mechanistic Evidence 


The committee identified one publication reporting development of 
GBS after administration of a varicella vaccine. The publication reported 
several cases but did not provide evidence beyond temporality (Wise et al., 
2000). The publication did not contribute to the weight of mechanistic 
evidence. 
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Weight of Mechanistic Evidence 


On rare occasions GBS has been associated with herpes zoster and reac- 
tivation of latent wild-type varicella viruses (Whitley, 2010). The committee 
considers the effects of natural infection one type of mechanistic evidence. 

The symptoms described in the publication referenced above are consis- 
tent with those leading to a diagnosis of GBS. Autoantibodies, complement 
activation, immune complexes, T cells, and molecular mimicry may con- 
tribute to the symptoms of GBS; however, the publication did not provide 
evidence linking these mechanisms to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and GBS as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 5.10: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and GBS. 


SMALL FIBER NEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of small fiber neuropathy after the administration of varicella 
vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and small fiber neuropathy. 


Mechanistic Evidence 


The committee identified one publication reporting small fiber neu- 
ropathy after administration of a varicella vaccine. The publication did not 
provide evidence beyond temporality (Souayah et al., 2009). The publica- 
tion did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are consis- 
tent with those leading to a diagnosis of small fiber neuropathy. Autoanti- 
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bodies, T cells, and molecular mimicry may contribute to the symptoms of 
small fiber neuropathy; however, the publication did not provide evidence 
linking these mechanisms to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and small fiber neuropathy as 
lacking. 


Causality Conclusion 


Conclusion 5.11: The evidence is inadequate to accept or reject 
a causal relationship between varicella vaccine and small fiber 
neuropathy. 


ANAPHYLAXIS 


Epidemiologic Evidence 


The committee reviewed seven studies to evaluate the risk of anaphy- 
laxis after the administration of varicella vaccine. Six studies (Chaves et al., 
2008; DiMiceli et al., 2006; Ozaki et al., 2005; Sakaguchi et al., 2000b; 
Sharrar et al., 2001; Wise et al., 2000) were not considered in the weight 
of epidemiologic evidence because they provided data from passive surveil- 
lance systems and lacked unvaccinated comparison populations. 

The one remaining controlled study (Black et al., 1999) contributed to 
the weight of epidemiologic evidence and is described below. 

The study by Black et al. (1999) was described in detail in the section 
on disseminated Oka VZV with subsequent infection resulting in pneu- 
monia. This retrospective cohort study reported potential adverse events 
following varicella vaccination, obtained from the KPMCP database. The 
relative risk of allergic reactions with or without hives in the 1-year age 
group recorded during clinic visits within 30 days of varicella vaccination 
(180 cases), compared to the 91-120-day postvaccination control period 
(130 cases), was 1.27 (95% CI, 1.02-1.60). Only statistically significant 
increased risks were reported in the study; analyses were not available for 
other age groups or comparison groups. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between varicella vaccine and anaphylaxis. 
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Mechanistic Evidence 


The committee identified eight publications describing clinical, diag- 
nostic, or experimental evidence of anaphylaxis postvaccination against 
varicella vaccines that contributed to the weight of mechanistic evidence. 
These publications are described below. 

DiMiceli et al. (2006) identified cases of anaphylaxis postvaccination in 
patients with a history of yeast allergy reported to VAERS from July 1990 
through July 2004. One case (case 15 in the report) describes a 35-year-old 
woman presenting with urticaria, pruritus, oropharyngeal edema, nasal 
congestion, dyspnea, and tachycardia 1 hour after receiving a varicella 
vaccine. 

Kumagai et al. (1997) identified two cases of anaphylaxis (cases 3 and 
4 in the report) developing in men, ages 22 and 23, after vaccination with 
a varicella vaccine. One patient presented with wheezing and dyspnea, and 
the other presented with wheezing, urticaria, and dyspnea. In both cases 
the symptoms developed within 15 minutes after receipt of the vaccine. 
Furthermore, laboratory tests showed that both patients were positive for 
antigelatin IgE. 

Ozaki et al. (2005) identified anaphylaxis and allergic reactions, af- 
ter administration of varicella vaccines, reported to the Post-Marketing 
Surveillance Center of the Research Foundation for Microbial Diseases of 
Osaka University. The authors defined anaphylaxis as cardiovascular and/ 
or respiratory symptoms with an allergic reaction developing within 1 hour 
after receipt of the vaccine. Thirty-two cases of anaphylaxis developed and 
serum samples were isolated from nine patients. All nine samples were 
positive for antigelatin IgE. 

Sakaguchi et al. (1997) reported three cases of anaphylaxis postvacci- 
nation with varicella vaccines. Case 1 describes a 4-year-old boy presenting 
with vomiting, urticaria, and airway obstructions with wheezing 40 minutes 
after vaccination. Case 2 describes a 16-month-old boy presenting with an- 
gioedema, urticaria, and airway obstruction with wheezing 20 minutes after 
vaccination. Case 3 describes a 22-month-old boy presenting with cough, 
urticaria, and wheezing 1 hour after vaccination. Laboratory tests showed 
all three patients were positive for antigelatin IgE. 

Sakaguchi et al. (2000a) studied the relationship between antigelatin 
IgE and IgG and non-immediate-type reactions to gelatin-containing vari- 
cella vaccines. The authors examined sera from 33 patients that experienced 
immediate-type reactions after administration of a varicella vaccine as a 
positive control. Within 1 hour after vaccination, 18 of the patients serving 
as positive controls developed respiratory and cutaneous symptoms. All 18 
of the patients produced antigelatin IgE and IgG antibodies. 

Sakaguchi et al. (2000b) reported the incidence of anaphylaxis after 
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live viral vaccines containing gelatin. The authors subdivided systemic 
immediate-type reactions into three groups. Two groups, severe anaphylaxis 
and mild anaphylaxis, consisted of respiratory and cutaneous symptoms 
developing within 1 hour after vaccination. The third group consisted of 
cutaneous symptoms alone developing within 1 hour after vaccination. A 
total of 16 cases of anaphylaxis and 14 cases of systemic cutaneous symp- 
toms developing after vaccination against varicella were identified. Of the 
above described cases, 27 had antigelatin IgE antibodies. 

Sharrar et al. (2001) identified seven cases of anaphylaxis postvaricella 
vaccination reported to WAES or VAERS during the first 4 years of mar- 
keting of a gelatin-containing varicella vaccine. The four boys and three 
girls ranged in age from 3 to 8 years. The patients developed symptoms 
of urticaria, hypotension, coughing, wheezing, stridor, swollen lips, and/or 
itching shortly after vaccination. 

Wise et al. (2000) identified 30 cases of anaphylaxis postvaricella vac- 
cination reported to VAERS from March 1995 through July 1998. Each 
case presented with skin and respiratory symptoms within 4 hours after 
vaccination; in 11 cases, patients presented symptoms within 15 minutes 
after vaccination. One patient had a history of egg allergy, and presented 
with similar symptoms after receiving an MMR vaccine. Three patients 
had a history of allergies to antibiotics, atropine, or ophthalmic solution. 


Weight of Mechanistic Evidence 


The publications described above presented clinical evidence sufficient 
for the committee to conclude the vaccine was a contributing cause of 
anaphylaxis after administration of a gelatin-containing varicella vaccine. 
Four publications from investigators in Japan described well-documented 
cases of anaphylaxis occurring in individuals with documented IgE anti- 
bodies to gelatin (Ozaki et al., 2005; Sakaguchi et al., 1997, 2000a,b). 
Gelatin, both whole bovine and hydrolyzed gelatin, was used as a stabilizer 
in a number of vaccines in Japan, and it is likely that children experienc- 
ing anaphylactic reactions to the gelatin-containing varicella vaccine had 
developed IgE sensitization to gelatin from the administration of previous 
vaccines. The varicella vaccine distributed in the United States contains only 
hydrolyzed gelatin; the extent to which gelatin is hydrolyzed could vary 
from one vaccine lot to another and affect the development of anaphylaxis. 
Some patients are allergic to either bovine or porcine gelatin, but not both 
(Bogdanovic et al., 2009). Although there is considerable cross-reactivity 
between bovine and porcine gelatin, testing for antibody to one gelatin 
alone is not necessarily predictive of allergy to the other and may not be 
predictive of reactivity to the gelatin in varicella vaccine. 
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The committee assesses the mechanistic evidence regarding an asso- 
ciation between varicella vaccine and anaphylaxis as strong based 
on 76 cases* presenting temporality and clinical symptoms consis- 
tent with anaphylaxis. 


Causality Conclusion 


Conclusion 5.12: The evidence convincingly supports a causal re- 
lationship between varicella vaccine and anaphylaxis. 


ONSET OR EXACERBATION OF ARTHROPATHY 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of arthropathy 
(arthralgia and arthritis) after the administration of varicella vaccine. These 
two studies (Chaves et al., 2008; Wise et al., 2000) were not considered in 
the weight of epidemiologic evidence because they provided data from pas- 
sive surveillance systems and lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and onset or exacerbation 
of arthropathy. 


Mechanistic Evidence 


The committee identified three publications reporting onset or exac- 
erbation of arthropathy (arthritis and arthralgia) after administration of a 
varicella vaccine. Two publications reported multiple cases but either did 
not provide evidence beyond temporality or did not provide clinical, diag- 
nostic, or experimental evidence, including the time frame between vaccina- 
tion and development of symptoms (Chaves et al., 2008; Wise et al., 2000). 
Pileggi et al. (2010) did not observe the worsening of symptoms in patients 
previously diagnosed with juvenile rheumatic diseases after administration 
of a varicella vaccine. The publications did not contribute to the weight of 
mechanistic evidence. 





^In addition, at least 30 cases were reported to passive surveillance systems; however, it 
was not possible to know how many represented unique cases or were reported elsewhere. 
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Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of arthropathy. Autoantibodies, T 
cells, complement activation, immune complexes, infection, viral reactiva- 
tion, and viral persistence may contribute to the symptoms of arthropathy; 
however, the publications did not provide evidence linking these mecha- 
nisms to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and onset or exacerbation of 
arthropathy as lacking. 


Causality Conclusion 


Conclusion 5.13: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and onset or exacer- 
bation of arthropathy. 


STROKE 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of ischemic 
stroke after the administration of varicella vaccine. This one controlled 
study (Donahue et al., 2009) contributed to the weight of epidemiologic 
evidence and is described below. 

The study by Donahue et al. (2009) was described in detail in the sec- 
tion on vaccine strain viral reactivation with subsequent infection resulting 
in encephalitis. This retrospective cohort study investigated the occurrence 
of ischemic stroke or encephalitis (reported in hospitalizations obtained 
from the VSD) within 12 months of varicella vaccination. A total of 203 
children were diagnosed with ischemic stroke, of whom one received a 
varicella vaccination within 3 months of diagnosis, and eight did so within 
12 months. Adjusted hazard ratios (HRs) were reported for stroke within 
1 month of vaccination (HR, 1.1; 95% CI, 0.1—9.2), 1-3 months of vac- 
cination (HR, 0.7; 95% CI, 0.1—5.7), 3-6 months of vaccination (HR, 1.3; 
95% CI, 0.3-5.6), 6-9 months of vaccination (HR, 1.3; 95% CI, 0.4—4.9), 
and 9-12 months of vaccination (HR, 0.4; 95% CI, 0.0-3.2). The authors 
concluded that varicella vaccination is not associated with ischemic stroke 
in children. 
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Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between varicella vaccine and ischemic stroke. 


Mechanistic Evidence 


The committee identified two publications reporting stroke after ad- 
ministration of a varicella vaccine. The publications did not provide evi- 
dence beyond temporality and therefore did not contribute to the weight of 
mechanistic evidence (Donahue et al., 2009; Wirrell et al., 2004). 


Weight of Mechanistic Evidence 


Infection with varicella virus has been associated with stroke with an 
incidence of approximately 1 in 15,000 cases (Nagel et al., 2010). Varicella 
virus has been shown to produce vasculopathy via direct invasion of cere- 
bral arteries (Nagel et al., 2010). In adults, stroke associated with varicella 
presents after herpes zoster ophthalmicus, which is followed weeks to 
months later by acute contralateral hemiplegia (Nagel et al., 2010). In chil- 
dren, stroke follows acute hemiplegia following varicella infection (Nagel 
et al., 2010). The committee considers the effects of natural infection one 
type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of stroke. Direct viral infection, 
viral reactivation, and alterations in the coagulation cascade can lead to a 
hypercoagulable state that may contribute to the symptoms of stroke; how- 
ever, the publications did not provide evidence linking these mechanisms 
to varicella vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between varicella vaccine and stroke as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 5.14: The evidence is inadequate to accept or reject a 
causal relationship between varicella vaccine and stroke. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


VARICELLA VIRUS VACCINE 281 
THROMBOCYTOPENIA 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of thrombo- 
cytopenia after the administration of varicella vaccine. These three stud- 
ies (Chaves et al., 2008; Sharrar et al., 2001; Wise et al., 2000) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems and lacked unvaccinated comparison 
populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between varicella vaccine and thrombocytopenia. 


Mechanistic Evidence 


The committee identified six publications reporting thrombocytopenia 
or idiopathic thrombocytopenic purpura after administration of a varicella 
vaccine. Chaves et al. (2008) did not provide clinical, diagnostic, or experi- 
mental evidence, including the time frame between vaccine administration 
and development of thrombocytopenia. Three publications did not provide 
evidence beyond temporality (Ferrera et al., 2009; Lee et al., 1986; Sharrar 
et al., 2001). One publication reported decreased platelet counts without 
development of unexplained bleeding, clotting, or bruising after vaccination 
but did not issue a diagnosis (Weibel et al., 1985). These publications did 
not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Wise et al. (2000) identified 31 reports, submitted to VAERS from 
March 1995 through July 1998, of thrombocytopenia developing after 
administration of a varicella vaccine. The authors did not provide evidence 
of causality beyond a temporal relationship of 4 to 28 days between vac- 
cine administration and development of thrombocytopenia after vaccina- 
tion for most reports. One VAERS report, identified in Wise et al. (2000), 
was obtained via a Freedom of Information Act request (FDA, 2010). The 
report describes a 14-year-old boy presenting with petechiae on the legs 1 
week after administration of the first dose of a varicella vaccine. The patient 
experienced excessive bruising and was admitted to the hospital 9 days after 
administration of the second dose, and after being pinched. Laboratory 
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tests during hospitalization revealed a platelet count of 29,000 on day 1 
and 62,000 on day 3. The patient’s platelet count was 198,000 on day 6. 


Weight of Mechanistic Evidence 


While rare, infection with wild-type varicella virus has been associated 
with bleeding diathesis (Whitley, 2010). The committee considers the effects 
of natural infection one type of mechanistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
thrombocytopenia. The symptoms described in the publications referenced 
above are consistent with those leading to a diagnosis of thrombocytopenia, 
but the only evidence that could be attributed to the vaccine was recurrence 
of symptoms upon vaccine rechallenge. Autoantibodies and complement 
activation may contribute to the symptoms of thrombocytopenia; however, 
the publications did not provide evidence linking these mechanisms to 
varicella vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between varicella vaccine and thrombocytopenia as weak 
based on knowledge about the natural infection and one case. 


Causality Conclusion 


Conclusion 5.15: The evidence is inadequate to accept or 
reject a causal relationship between varicella vaccine and 
thrombocytopenia. 


CONCLUDING SECTION 


Table 5-1 provides a summary of the epidemiologic assessments, mech- 
anistic assessments, and causality conclusions for varicella vaccine. 
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Influenza Vaccine 


INTRODUCTION 


Influenza viruses are 80-120 nm enveloped viruses of the family Ortho- 
myxoviridae (Treanor, 2010). Divided into three types—A, B, and C—these 
viruses can infect a range of hosts from humans only (influenza B) to hu- 
mans and swine (influenza C) to multiple host organisms including humans, 
swine, equine, avian, and marine mammals (influenza A) (Treanor, 2010). 
Influenza viruses are highly changeable viruses. Small antigenic changes, 
known as “antigenic drift,” occur regularly, usually as point mutations 
in the virus genome or through exchange of small gene segments with 
another strain of influenza virus (Han and Marasco, 2011; Treanor, 2010). 
Occasionally, influenza viruses undergo an abrupt and dramatic change in 
genome. This change, known as “antigenic shift,” results in a new virus that 
is so different from previous viruses that no immunity exists in the popula- 
tion and can lead to pandemic influenza (Treanor, 2010). Antigenic shift is 
usually caused by genetic recombination between two strains of influenza 
virus; one from a strain that can infect humans and one that, prior to the 
genetic exchange, could not (Han and Marasco, 2011). The impact of these 
changes depends on the extent of the change, but because viral epitopes 
from the variant strains that result from antigenic shifts and drifts may not 
be recognized by the immune system, vaccines must be altered regularly to 
combat the infection. 

Influenza viruses are named based on the type of influenza, the location 
of initial isolation, strain designation number, and the year of isolation (e.g., 
A/Brisbane/5 9/2007). Influenza A viruses are further divided into subtypes 
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based on the characteristics of the hemagglutinin (H or HA) and neuramini- 
dase (N or NA) surface proteins (Treanor, 2010). This subtyping is the basis 
of the H#N# designations of the influenza A viruses. At least 16 distinct 
HA and 9 distinct NA surface proteins have been identified (Treanor, 
2010). Influenza B viruses are subdivided as Yamagada or Victoria based 
on genetic lineage (Xu et al., 2004). Of the three distinct types of influenza 
viruses, influenza A viruses are the only viruses proven to cause pandemic 
disease and are capable of interspecies transmission, as demonstrated with 
the 1997 outbreak of avian (H5N1) influenza from poultry to humans (de 
Jong et al., 1997; Subbarao et al., 1998; Yuen et al., 1998). 

Influenza viruses have caused epidemics every 1 to 3 years during the 
past four centuries, and four major pandemics have occurred including the 
great pandemic of 1918 (Treanor, 2010). These pandemics were caused 
by influenza A viruses H1N1 (1918 and 2009), H2N2 (1957), and H3N2 
(1968) (Treanor, 2010). In any given year, two influenza A strains consid- 
ered to be most likely to contribute to widespread (epidemic or pandemic) 
illness are included in the trivalent vaccine. Because of its ability to produce 
epidemic disease, an influenza B virus strain is also included in all current 
vaccines. 

In the United States, a nearly annual influenza epidemic usually begins 
in late fall and peaks in mid to late winter. Influenza viruses are transmit- 
ted by contact with aerosol secretions containing the virus, and this occurs 
generally through coughing and sneezing (Belshe et al., 2008; Treanor, 
2010). Following an average incubation period of 2 days but ranging from 
1 to 4 days, adults and children remain infectious for approximately 5 days 
after the onset of the illness (CDC, 2002). Children, who generally have 
the highest attack rate and serve as the major source of transmission within 
communities (Glezen and Couch, 1978; Monto and Kioumehr, 1975), can 
be infectious for longer periods both before and after the onset of illness 
(Belshe et al., 2008). Uncomplicated influenza often begins abruptly with 
systemic symptoms of fever, chills, headaches, myalgia, malaise, anorexia, 
and fatigue. These symptoms persist for the duration of the fever—typically 
for 3 days (Treanor, 2010). Respiratory symptoms such as dry cough, sore 
throat, and nonproductive cough may also occur and usually persist for 
2 weeks or more (Belshe et al., 2008; Treanor, 2010). Fevers tend to be 
higher in children and can lead to febrile seizures, while elderly individuals 
may experience afebrile disease with lassitude or confusion (Babcock et al., 
2006; Bridges et al., 2008; Neuzil et al., 2003). The risk of complications 
from influenza is higher in children and the elderly and those with certain 
underlying conditions (Barker, 1986; Bridges et al., 2008; Simonsen et al., 
2000; Thompson et al., 2004). The most common complications include 
primary influenza viral pneumonia, secondary bacterial pneumonia, and the 
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exacerbation of chronic pulmonary and cardiopulmonary diseases such as 
asthma and congestive heart failure (Bridges et al., 2008). 

The influenza viruses were first isolated in the early 1900s by Smith and 
his associates (influenza A, 1933), Francis (influenza B, 1939), and Taylor 
(influenza C, 1950) (Francis, 1940; Smith et al., 1933; Taylor, 1951). In 
1936, Burnet discovered that the virus could be grown in embryonated hen 
eggs, and in the 1950s animal cell culture systems were developed (Burnet, 
1936; Mogabgab et al., 1954; Treanor, 2010). In 1943, the first commercial 
influenza vaccines were approved for use in the United States, and consisted 
of inactivated virus grown in chicken eggs (Treanor, 2010). With a few 
adaptations, propagation of influenza viruses in chicken eggs remains the 
primary means for growing virus for vaccine production and biomedical 
research (Treanor, 2010). 

Currently, two types of vaccines are available in the United States—the 
trivalent, inactivated influenza virus (TIV) vaccine, and the live, attenuated, 
cold-adapted influenza virus (LAIV) vaccine (also trivalent). TIV vaccines, 
which were first licensed for use in the United States in 1943, are inac- 
tivated (killed) virus vaccines that provide immunity against the viruses 
without causing any signs or symptoms of the infection (Treanor, 2010). 
The LAIV vaccine is a live but attenuated virus vaccine that is capable 
of causing mild signs and symptoms of vaccine virus infection (Treanor, 
2010). Approved in 2003, LAIV is a live virus vaccine that is cold-adapted 
(attenuated) so that it does not replicate in the warmer body temperature 
of the lower airways (CDC, 2003; Treanor, 2010). It is capable of causing 
mild signs and symptoms of wild-type influenza infection (Treanor, 2010). 
TIV is administered through an intramuscular injection, while LAIV is 
administered intranasally via an aerosol sprayer. Both vaccines contain 
two influenza A and one influenza B subtypes which are recommended by 
the World Health Organization (WHO) Global Influenza Programme—for 
example A/California/7/2009 (H1N1)-like,! A/Perth/16/2009 (H3N2)-like, 
and B/Brisbane/60-2008-like for the 2010-2011 season (WHO, 2010). 

The Advisory Committee on Immunization Practices (ACIP) recom- 
mends that all persons 6 months or older receive an annual influenza 
virus vaccine (CDC, 2010b). For healthy, nonpregnant persons aged 2 to 
49 years either TIV or LAIV vaccine is recommended without preference 
(CDC, 2010b). LAIV is not recommended for children under 2 years of 





1 A/California/7/2009 (H1N1)-like is derived from the 2009 pandemic influenza A (H1N1) 
virus. This strain was included in the trivalent vaccine in 2010. The monovalent vaccine 
developed for the pandemic is not covered under the National Vaccine Injury Compensation 
Program (VICP); it is covered under the Countermeasures Injury Compensation Program and 
is therefore beyond the scope of this report. 
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age, pregnant women, adults over 50 years of age, and persons with a 
history of hypersensitivity to eggs or LAIV vaccine components (CDC, 
2010b). It is also not recommended for persons with asthma and children 
between 2 and 4 years of age with a history of asthma or wheezing episodes 
in the 12 months prior to vaccination (CDC, 2010b). For these individu- 
als and individuals with chronic conditions such as hematologic, hepatic, 
metabolic, neurologic or neuromuscular, pulmonary, or renal disorders; 
the immunosuppressed; and those between the ages of 6 months and 18 
years receiving aspirin or other salicylates; ACIP recommends use of the 
age-appropriate TIV vaccine (Table 6-1) (CDC, 2010b). 

In the 2008-2009 season, influenza vaccination was received by 29.1 
percent of all persons aged 6 months to 18 years (CDC, 2010a). Thirty- 
three percent of individuals aged 19 to 49 years, who were considered 
high-risk for this age group, were vaccinated in comparison to 19.7 per- 
cent of individuals who were not considered high-risk for influenza (CDC, 
2010a). The vaccine was administered to 51.5 percent of high-risk adults 
aged 50 to 64 years and 34.2 percent of non-high-risk adults in this age 
group (CDC, 2010a). 


ENCEPHALITIS AND ENCEPHALOPATHY 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of encepha- 
litis or encephalopathy after the administration of influenza vaccine. One 
study (Nakayama and Onoda, 2007) was not considered in the weight of 
epidemiologic evidence because it provided data from a passive surveil- 
lance system and lacked an unvaccinated comparison population. Three 
controlled studies (France et al., 2004; Goodman et al., 2006; Hambidge 
et al., 2006) had very serious methodological limitations that precluded 
their inclusion in this assessment. The studies by France et al. (2004), 
Goodman et al. (2006), and Hambidge et al. (2006) were unable to find 
any cases of encephalopathy or encephalitis following influenza vaccination 
using a case-crossover or case-control design, so no conclusions could be 
drawn from these analyses. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess 
an association between influenza vaccine and encephalitis or 
encephalopathy. 
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Mechanistic Evidence Regarding Encephalitis 


The committee identified 11 publications reporting meningoencephali- 
tis or encephalitis after administration of an influenza vaccine. Ten publi- 
cations did not provide evidence beyond temporality (Blanco et al., 1999; 
Buchner et al., 1988; Chhor et al., 2008; Drouet et al., 2002; Ehrengut and 
Allerdist, 1977; Gross et al., 1978; Rosenberg, 1970; Saito and Yanagisawa, 
1989; Turkoglu and Tuzun, 2009; Utumi et al., 2010). One publication at- 
tributed the development of encephalitis after vaccination to a concomitant 
infection with herpes simplex virus (Utumi et al., 2010). These publications 
did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Froissart et al. (1978) described a 29-year-old woman presenting with 
vomiting, fever, and a stiff neck leading to a diagnosis of meningoencepha- 
litis 2 days after administration of an influenza vaccine. The previous year 
the patient presented with similar symptoms 2 days after receiving an 
influenza vaccine. 


Weight of Mechanistic Evidence 


While rare, infection with influenza has been associated with encephali- 
tis (Treanor, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

The publication, described above, did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
encephalitis after administration of an influenza vaccine. The symptoms 
described in the publications referenced above are consistent with those 
leading to a diagnosis of encephalitis, but the only evidence that could be 
attributed to the vaccine was recurrence of symptoms upon vaccine rechal- 
lenge. Viral infection and viral reactivation may contribute to the symptoms 
of encephalitis; however, the publications did not provide evidence linking 
these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and encephalitis as weak based 
on knowledge about the natural infection and one case. 


Causality Conclusion 


Conclusion 6.1: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and encephalitis. 
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Mechanistic Evidence Regarding Encephalopathy 


The committee identified five publications reporting encephalopathy 
after administration of an influenza vaccine. Three publications did not pro- 
vide evidence beyond temporality and therefore did not contribute to the 
weight of mechanistic evidence (Ehrengut and Allerdist, 1977; Morimoto 
et al., 1985; Woods and Ellison, 1964). 

Described below are two publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Boutros and Keck (1993) described a 75-year-old woman presenting 
with confusion 12 days after receiving an influenza vaccine. Physical ex- 
amination showed anorexia, insomnia, hallucinations, and delirium. High 
signal lesions in the white matter were revealed upon magnetic resonance 
imaging. The symptoms resolved upon treatment with thiothixene. One 
year prior to the current episode the patient developed similar symptoms 
21 days after receiving an influenza vaccine. 

Warren (1956) described a 19-year-old man presenting with profuse 
rhinorrhea, wheezing, feverishness, soreness behind the eyes, shaking chills, 
and aching of the arms, back, and head hours after receiving an influenza 
vaccine. Two hours later the patient was weak, dizzy, unable to sit upright, 
and began to black out. Physical examination revealed the patient to be 
semicomatose and delirious. One year prior to the current episode the pa- 
tient had presented with severe malaise 2 days after receiving an influenza 
vaccine. 


Weight of Mechanistic Evidence 


The publications described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
encephalopathy after administration of an influenza vaccine. The symptoms 
described in the publications referenced above are consistent with those 
leading to a diagnosis of encephalopathy, but the only evidence that could 
be attributed to the vaccine was recurrence of symptoms upon vaccine 
rechallenge. Viral infection and viral reactivation may contribute to the 
symptoms of encephalopathy; however, the publications did not provide 
evidence linking these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between influenza vaccine and encephalopathy as weak 
based on two cases. 
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Causality Conclusion 


Conclusion 6.2: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and encephalopathy. 


SEIZURES 


Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of seizures 
after the administration of influenza vaccine. Four studies (D'Heilly et al., 
2006; Izurieta et al., 2005; McMahon et al., 2005; Rosenberg et al., 2009) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems and lacked unvaccinated 
comparison populations. 

The four remaining controlled studies (France et al., 2004; Goodman 
et al., 2006; Greene et al., 2010; Hambidge et al., 2006) were included in 
the weight of epidemiologic evidence and are described below. 

France et al. (2004) conducted a case-crossover study in 251,600 chil- 
dren (younger than 18 years of age) enrolled in five health maintenance 
organizations (HMOs) participating in the Vaccine Safety Datalink (VSD). 
The study investigated the occurrence of adverse events (reported as out- 
patient, inpatient, and emergency department visits) within 14 days of TIV 
administration from January 1993 through December 1999. Two control 
periods were defined as 15 to 28 days before vaccination (control period 1) 
and 15 to 28 days after vaccination (control period 2). The inclusion 
criteria required participants to be enrolled in the HMO 28 days before 
and 28 days after receiving TIV, and have a record of an adverse event in 
either the risk period or one of the two control periods. Study participants 
were excluded from the analysis if they experienced an event during both 
the risk period and one of the control periods, which limited the analysis 
to discordant pairs. Multiple vaccinations in an individual were treated as 
independent in the analysis and the pre- and postvaccination control peri- 
ods in the same individual were analyzed independently, which would tend 
to increase the number of associations found to be significant by chance 
alone (type I error). Seizures were observed in 81 children, but no signifi- 
cant associations were reported for outpatient, inpatient, and emergency 
department visits for seizures during the 14-day risk period when compared 
to the prevaccination control period or postvaccination control period. Ad- 
ditional analyses with liberalized significance criterion (.05 « p € .20) were 
used to identify potentially overlooked associations, but seizures remained 
nonsignificant. 

Hambidge et al. (2006) conducted case-crossover analysis to examine 
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the risk of seizures after influenza vaccination in 45,356 children (6 to 23 
months of age) enrolled in eight medical care organizations (MCOs) partici- 
pating in the VSD. The study investigated the occurrence of adverse events 
(reported as outpatient, inpatient, and emergency department visits) within 
14 days (primary analysis) of TIV administration from 1991 through 2003. 
Two control periods were defined as 15 to 28 days before vaccination (con- 
trol period 1) and 15 to 28 days after vaccination (control period 2). Only 
discordant pairs were analyzed, and participants that experienced an event 
during both the risk period and one of the control periods were excluded. 
Half of the study population overlapped the patients observed in the study 
by France et al. (2004), but separate analyses for the unique subgroups 
presented in this paper (1991-1992 and 2000-2003) were not performed. 
A total of 24 seizures were observed in the 14-day risk window; 22 were 
found to be febrile seizures, and 17 were reported during the same period 
that has been associated with febrile seizures following measles, mumps, 
and rubella (MMR) immunization (7-14 days postvaccination). Children 
who received MMR vaccine on the same day as TIV were excluded from 
the analysis (nine cases and one control). The matched odds ratio for sei- 
zures within 14 days of TIV administration was 1.36 (9596 CI, 0.63-2.97). 
The authors concluded that after excluding children who received MMR 
vaccine on the same day, TIV administration was not associated with an 
increased risk in febrile seizures. They also noted that no signal of seizures 
within 3 days of TIV administration was observed. 

Goodman et al. (2006) conducted a nested case-control study in 
children (6 to 23 months of age) enrolled in the HealthPartners Medical 
Group (HPMG) during the 2002-2003 and 2003-2004 influenza seasons. 
Vaccination histories were obtained from the HPMG vaccine registry and 
the investigators coded whether the TIV injection was a first or second 
dose during the given influenza season. Seizure diagnoses were verified 
by reviewing the medical charts. The risk window was defined as 0-42 
days following vaccination, but the investigators also analyzed 0—3-day, 
4—14-day, and 14-42-day windows. The cohort included 13,383 children, 
of whom 3,697 received TIV during the study period. Cases were matched 
to three controls (children who did not have the outcome of interest) on 
date of birth and gender; the index date for the controls was the date 
the event was observed in the matched case. The authors did not report 
how many cases and controls were included in the seizure analysis or list 
characteristics of these two groups. The hazard ratio for seizures within 
42. days of a first dose of TIV was 1.17 (95% CI, 0.36-3.86), and within 
42. days of a second dose of TIV the hazard ratio was 1.026 (9596 CI, 
0.19—5.56). Shorter time windows did not have the power to assess the 
hazard ratio for seizures following TIV and were not listed in the study. 
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The authors concluded that TIV administration is not associated with an 
increased rate of seizures. 

Greene et al. (2010) conducted a retrospective cohort study in children 
(6 months to 17 years of age) and adults (> 18 years of age) enrolled in 
eight MCOs participating in the VSD. The study investigated the occur- 
rence of adverse events (reported as inpatient and emergency department 
visits) after receipt of influenza vaccine from September through April of 
the 2005-2006, 2006-2007, and 2007-2008 influenza seasons. The risk 
period for the seizures analysis (0 to 7 days after vaccination) of the given 
season was compared to the control period (8 to 15 days after vaccination) 
of the same season. The number of vaccine doses administered to children 
during the 2005-2006 season was 317,108; during the 2006-2007 season 
was 415,446; and during the 2007-2008 season was 462,998. The relative 
risk of seizures in children within 7 days of influenza vaccination was 1.35, 
0.80, and 0.98 for the 2005-2006, 2006-2007, and 2007-2008 influenza 
seasons, respectively. The number of vaccine doses administered to adults 
during the 2005-2006 season was 1,429,974; during the 2006-2007 season 
it was 1,598,880; and during the 2007-2008 season it was 1,742,858. The 
relative risk of seizures in adults within 7 days of influenza vaccination 
was 0.99, 0.96, and 1.09 for the 2005-2006, 2006-2007, and 2007-2008 
influenza seasons, respectively. None of the associations reached the criti- 
cal value of the log-likelihood ratio, and none of the relative risks achieved 
statistical significance. This paper also included an analysis comparing rate 
ratios in the current year with the cumulative ratios in prior comparison 
years. All of these comparisons also found no increase in seizures in the 
risk period. 


Weight of Epidemiologic Evidence 


Analyses from four studies (one retrospective cohort, one case-control, 
and two case-crossover designs) were included in the epidemiologic evi- 
dence. France et al. (2004) did not find a statistically significant association 
between seizures and TIV, even with liberalized significance criterion (.05 < 
p € .20). The study by Hambidge et al. (2006) observed a null association in 
seizures within 14 days of TIV administration when children who received 
MMR simultaneously with TIV were removed from the case-crossover 
analysis. The case-control study by Goodman et al. (2006) found no asso- 
ciation between seizures and TIV, but the precision was low. Greene et al. 
(2010) did not find a statistically significant association among the analyses 
for children and adults; however, the control period was within the risk 
period of the other papers. Although power was limited in all the studies, 
they were generally well done and results were consistent, supporting the 
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committee's conclusion that the evidence overall reached a moderate level 
of confidence for a null association. See Table 6-2 for a summary of the 
studies that contributed to the weight of epidemiologic evidence. 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on four studies with sufficient validity and 
precision to assess an association between influenza vaccine and 
seizures; these studies consistently report a null association. 


Mechanistic Evidence 


The committee identified five publications reporting the development of 
seizures after administration of an influenza vaccine. The publications did 
not provide evidence beyond temporality (Chhor et al., 2008; Hirtz et al., 
1983; Kennedy et al., 2002; Marine and Stuart-Harris, 1976; Wright et al., 
1976). In addition, Kennedy et al. (2002) attributed seizure development to 
the corticosteroid therapy used to treat respiratory problems in the patient. 
One publication reported a cell culture study using an influenza vaccine. 
Takahashi et al. (2006) reported the isolation of lymphocytes reactive to 
both the neuronal molecule GluRe2 and influenza vaccine from a patient 
diagnosed with Rasmussen syndrome who had developed a febrile seizure 
upon infection with influenza A. The publications did not contribute to the 
weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of seizure. In some instances fever 
may contribute to the development of seizures; however, the publications 
did not provide evidence linking this mechanism to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and seizures as lacking. 


Causality Conclusion 


Conclusion 6.3: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and seizures. 
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ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of acute dis- 
seminated encephalomyelitis (ADEM) after the administration of influenza 
vaccine. These two studies (Izurieta et al., 2005; Nakayama and Onoda, 
2007) were not considered in the weight of epidemiologic evidence because 
they provided data from passive surveillance systems and lacked unvacci- 
nated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and ADEM. 


Mechanistic Evidence 


The committee identified 15 publications reporting the development 
of ADEM after administration of an influenza vaccine. The publications 
did not provide evidence beyond temporality, some too short based on the 
possible mechanisms involved (Antony et al., 1995; Buchner et al., 1988; 
Garea Garcia-Malvar et al., 2004; Huynh et al., 2008; Iyoda et al., 2004; 
Kavadas et al., 2008; Kepes, 1993; Nagano et al., 1988; Nakamura et al., 
2003; Ravaglia et al., 2004; Rosenberg, 1970; Saito et al., 1980; Selvaraj 
et al., 1998; Vilain et al., 2000; Yahr and Lobo-Antunes, 1972). In addition, 
two publications reported concomitant infections making it difficult to de- 
termine the precipitating event (Kavadas et al., 2008; Nagano et al., 1988). 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, influenza infection has been associated with the develop- 
ment of ADEM (Yiu and Kornberg, 2010). The committee considers the 
effects of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of ADEM. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of ADEM; how- 
ever, the publications did not provide evidence linking these mechanisms 
to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between influenza vaccine and ADEM as weak based on 
knowledge about the natural infection. 
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Causality Conclusion 


Conclusion 6.4: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of transverse 
myelitis after the administration of influenza vaccine. This study (Vellozzi 
et al., 2009) was not considered in the weight of epidemiologic evidence 
because it provided data from a passive surveillance system and lacked an 
unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee identified six publications reporting the development 
of transverse myelitis after administration of an influenza vaccine. The 
publications did not provide evidence beyond temporality, some too short 
based on the possible mechanisms involved (Bakshi and Mazziotta, 1996; 
Buchner et al., 1988; Larner and Farmer, 2000; Nakamura et al., 2003; 
Sugimoto et al., 1968; Wells, 1971). The publications did not contribute to 
the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


Influenza infection has, rarely, been associated with the development 
of transverse myelitis (Treanor, 2010). The committee considers the effects 
of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of transverse myelitis. Autoanti- 
bodies, T cells, and molecular mimicry may contribute to the symptoms 
of transverse myelitis; however, the publications did not provide evidence 
linking these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between influenza vaccine and transverse myelitis as weak 
based on knowledge about the natural infection. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


310 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Causality Conclusion 


Conclusion 6.4: The evidence is inadequate to accept or reject 
a causal relationship between influenza vaccine and transverse 
myelitis. 


OPTIC NEURITIS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of optic neu- 
ritis (ON) after the administration of influenza vaccine. The two controlled 
studies (DeStefano et al., 2003; Payne et al., 2006) contributed to the 
weight of epidemiologic evidence and are described below. 

DeStefano et al. (2003) conducted a case-control study to evaluate the 
association between influenza vaccination and optic neuritis using data 
from three HMOs participating in the VSD. The optic neuritis analysis in- 
cluded 108 cases and 228 controls. The cases had a documented physician’s 
diagnosis from 1995 through 1999, and were matched to controls from the 
HMO on date of birth (within 1 year) and sex. The authors evaluated the 
date of disease onset using data described in the medical record or reported 
in the telephone interview. The immunization status was obtained from 
vaccination records, medical records, and telephone interviews. The study 
had high rates of self-reported vaccinations from outside the HMO system 
(32 percent of cases and 39 percent of controls) that could not be verified, 
which may have biased the results. The odds ratio for ever vaccinated with 
influenza before optic neuritis diagnosis was 1.2 (95% CI, 0.6-2.3). The 
authors concluded that influenza vaccination did not appear to be associ- 
ated with an increased risk of optic neuritis in adults. 

Payne et al. (2006) used the Defense Medical Surveillance System 
(DMSS) to conduct a case-control study among U.S. military personnel. 
The study included 1,131 cases with a first diagnosis of optic neuritis 
from 1998 through 2003, and 3,393 controls. The cases and controls were 
matched on sex, military service (e.g., active or reserve), and deployment 
within 18 weeks of diagnosis date. The vaccination status and date of first 
symptom of optic neuritis were obtained from the DMSS and reviewed by 
a neuro-ophthalmologist. About 15 percent of the cases (173 patients) and 
controls (510 patients) received influenza vaccine within the 18-week risk 
period, which suggested that possible confounders related to the decision 
to vaccinate were present. Although the authors considered three exposure 
times—6, 12, and 18 weeks after vaccination—only the odds ratio for optic 
neuritis diagnosis within 18 weeks of influenza vaccination was given (OR, 
1.01; 95% CI, 0.79-1.29). The authors noted without presenting results 
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that similar conclusions were obtained using 6- and 12-month exposure 
times. The authors concluded that vaccination against influenza does not 
appear to increase the risk of optic neuritis in adults. 


Weight of Epidemiologic Evidence 


Neither of the two case-control studies included in the evidence as- 
sessment found evidence of an association between influenza vaccine and 
the onset of ON in adults even after adjustment for potential confounders. 
However, DeStefano et al. (2003) did not define a specific exposure time 
and had no short-term assessment in their primary analysis. The authors 
performed secondary analyses considering the timing of the influenza vac- 
cination (< 1 year, 1-5 years, and > 5 years) relative to the ON onset, 
which also showed no significant association, but they did not state how 
they handled the timing of vaccination for those who had more than one 
influenza vaccine before the onset of ON or when influenza was given in 
combination with other vaccines. In both studies (DeStefano et al., 2003; 
Payne et al., 2006), the proportion of cases and controls who had influenza 
vaccination was around 15-16 percent, which suggests possible confound- 
ers related to the decision to vaccinate may be present. Payne et al. (2006) is 
a study with a better design and analysis. The authors mentioned adjusting 
for other vaccines in their analysis of anthrax vaccine, but it is not clearly 
stated that they adjusted for other vaccines in their analysis of the safety 
of the influenza vaccine, which is the interest in this review. The confidence 
intervals for the odds ratio from DeStefano et al. (2003) were wide while 
those from Payne et al. (2006) were relatively narrow around 1. Consid- 
ering the limitations of the studies, the small number of studies, and the 
width of the confidence intervals, the committee has limited confidence in 
the epidemiologic evidence. See Table 6-3 for a summary of the studies that 
contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision, to 
assess an association between influenza vaccine and optic neuritis. 


Mechanistic Evidence 


The committee identified six publications reporting the development 
of optic neuritis after administration of an influenza vaccine. Four publica- 
tions did not provide evidence beyond temporality (Huynh et al., 2008; Ray 
and Dreizin, 1996; Tan et al., 2010; Vilain et al., 2000). These publications 
did not contribute to the weight of mechanistic evidence. 
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Described below are publications reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

A Vaccine Adverse Event Reporting System (VAERS) report, identified 
in Vellozzi et al. (2009), describing the development of optic neuritis after 
administration of influenza vaccines in back-to-back years, was obtained 
via a Freedom of Information Act (FOIA) request (FDA, 2010). The patient 
was a 61-year-old woman presenting with transient blindness 20 and 17 
days after receiving influenza vaccines in 1992 and 1993, respectively. Evi- 
dence of causality beyond a temporal relationship between administration 
of the vaccines and development of transient blindness was not provided. 

Hull and Bates (1997) described a 59-year-old woman presenting with 
decreased visual acuity. Physical examination showed light perception in the 
right eye, the ability to count fingers at one foot in the left eye, and bilat- 
eral disk edema 2 weeks after administration of an influenza vaccine. The 
patient’s visual acuity recovered with intravenous corticosteroid treatment. 
One year later the patient presented with deterioration of vision to light 
perception in both eyes 17 days after receiving an influenza vaccine. After 
intravenous corticosteroid treatment visual acuity improved in the patient’s 
right eye but remained unchanged in the left eye. 


Weight of Mechanistic Evidence 


The publications, described above, did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
optic neuritis after administration of an influenza vaccine. The symptoms 
described in the publications referenced above are consistent with those 
leading to a diagnosis of optic neuritis, but the only evidence that could be 
attributed to the vaccine was recurrence of symptoms upon vaccine rechal- 
lenge. Autoantibodies, T cells, immune complexes, and molecular mimicry 
may contribute to the symptoms of optic neuritis; however, the publications 
did not provide evidence linking these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and optic neuritis as weak 
based on two cases. 


Causality Conclusion 


Conclusion 6.6: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and optic neuritis. 
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NEUROMYELITIS OPTICA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of neuromyelitis optica (NMO) after the administration of 
influenza vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and NMO. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of NMO developing after administration of an 
influenza vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, complement activation, and molecular mimicry 
may contribute to the symptoms of NMO; however, the committee did not 
identify literature reporting evidence of these mechanisms after administra- 
tion of influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and NMO as lacking. 


Causality Conclusion 


Conclusion 6.7: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and NMO. 


MULTIPLE SCLEROSIS ONSET IN ADULTS 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of onset (date 
of first symptom) of multiple sclerosis (MS) in adults after the administra- 
tion of influenza vaccine. Two controlled studies (Lauer and Firnhaber, 
1990; Ramagopalan et al., 2009) had very serious methodological limita- 
tions that precluded their inclusion in this assessment. The control group 
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used in the study by Lauer et al. (1990) was flawed, and the authors may 
have selected a group at greater or lesser likelihood to receive the vaccine. 
Ramagopalan et al. (2009) did not attempt to validate self-report vaccina- 
tion data or confirm the timing of vaccination, and the choice of spousal 
controls could have introduced selection bias. 

The two remaining controlled studies (DeStefano et al., 2003; Hernan 
et al., 2004) contributed to the weight of epidemiologic evidence and are 
described below. 

The study by DeStefano et al. (2003) was described in detail in the 
section on optic neuritis. This case-control study evaluated the association 
between influenza vaccination and MS or optic neuritis onset using data 
from three HMOs participating in the VSD. The MS analysis included 332 
cases and 722 controls. Although there is a large number of cases and con- 
trols, the study had high rates of self-reported vaccinations from outside the 
HMO system (32 percent of cases and 39 percent of controls) that could 
not be verified, which may have biased the results. The odds ratio for ever 
versus never vaccinated with influenza before MS onset was 0.7 (95% CI, 
0.5-1.1). The authors concluded that influenza vaccination does not appear 
to be associated with an increased risk of MS onset in adults. 

Hernan et al. (2004) used the General Practice Research Database 
(GPRD) to perform a nested case-control study. Cases with a confirmed 
MS diagnosis from 1993 through 2000, and a minimum of 3 years follow- 
up in the database, were selected and matched with controls. The study 
included 163 cases and 1,604 controls; all participants were over 18 years 
of age, except for one unvaccinated control that was 16 years of age. The 
date of first symptom of MS and influenza vaccination status were identi- 
fied in the medical record. The rates of vaccination were very low among 
the cases and controls (6.1 percent and 6.0 percent, respectively), which 
raised the possibility that subjects selected for vaccination were different 
in relevant ways. The odds ratio for MS onset within 3 years of influenza 
immunization compared to never vaccinated was 1.0 (95% CI, 0.5-2.0). 
The authors concluded that influenza immunization did not appear to be 
associated with an increased risk of MS onset in adults, but the confidence 
intervals in the study were quite broad, including a potential doubling of 
risk with vaccination. 


Weight of Epidemiologic Evidence 


Neither of the two case-control studies considered in the assessment 
of epidemiologic evidence found an association between influenza vaccine 
and onset of MS in adults. However, there are some concerns about the 
study designs and analyses. DeStefano et al. (2003) did not define a specific 
exposure time and had no short-term assessment in their primary analysis. 
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The authors performed secondary analyses considering the timing of the 
influenza vaccination (< 1 year, 1-5 years, and > 5 years) relative to the 
MS onset, which showed no significant association, but they did not state 
how they handled the timing of vaccination for those who had more than 
one influenza vaccine before the onset of MS or when influenza was given 
in combination with other vaccines. Hernan et al. (2004) considered a fixed 
exposure time of 3 years within the onset of MS but did not present results 
on any subanalysis considering the timing of the influenza vaccination. 
In addition, the rates of vaccination were very low among the cases and 
controls (around 6 percent). Finally, the confidence intervals of the study 
were fairly broad and a clinically relevant association could not be ruled 
out. Given these study limitations and the small number of studies, the 
committee has limited confidence in the overall evidence. See Table 6-4 for 
a summary of the studies that contributed to the weight of epidemiologic 
evidence. 


The committee has limited confidence in the epidemiologic evidence 
based on two studies that lacked validity and precision to assess an 
association between influenza vaccine and onset of MS in adults. 


Mechanistic Evidence 


The committee identified three publications reporting the onset of MS 
in adults after administration of an influenza vaccine. Rabin (1973) re- 
ported the development of MS after administration of an influenza vaccine 
in one patient but did not provide clinical, diagnostic, or experimental evi- 
dence, including the time frame between administration of the vaccine and 
development of symptoms. Two publications did not provide evidence be- 
yond temporality (Nakajima et al., 2003; Yahr and Lobo-Antunes, 1972). 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to the onset of MS in adults. Autoantibodies, T 
cells, and molecular mimicry may contribute to the symptoms of MS; how- 
ever, the publications did not provide evidence linking these mechanisms 
to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between influenza vaccine and onset of MS in adults as 
lacking. 
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Causality Conclusion 


Conclusion 6.8: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and onset of MS in 
adults. 


MULTIPLE SCLEROSIS RELAPSE IN ADULTS 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of relapse of 
MS in adults after the administration of influenza vaccine. One controlled 
study (Mokhtarian, 1997) had very serious methodological limitations that 
precluded its inclusion in this assessment. Mokhtarian (1997) conducted a 
placebo-controlled trial with 19 MS patients, but the study was too small to 
be informative, and the author did not state if the treatment was assigned 
randomly. 

The two remaining controlled studies (Confavreux et al., 2001; Miller 
et al., 1997) contributed to the weight of epidemiologic evidence and are 
described below. 

Miller et al. (1997) conducted a double-blind, randomized controlled 
trial in 104 patients with relapsing-remitting MS identified at five MS cen- 
ters in the United States. The participants were randomized at each center 
to receive influenza vaccination (49 patients) or placebo injection (54 pa- 
tients). Injections took place during the autumn of 1993, and then patients 
were followed for 6 months for evidence of MS relapse. At 4 weeks and 6 
months, patients were examined by a blinded neurologist, and at 1 week 
and 3 months a blinded nurse conducted a telephone assessment. Compari- 
sons of MS relapse were performed at 28 days after and 6 months after 
vaccine or placebo injection. During the 28-day period, MS exacerbations 
were reported in three vaccine patients and two placebo patients. Over the 
6-month period, 11 vaccine patients and 6 placebo patients experienced MS 
exacerbations. The difference in MS relapse was not statistically significant 
for either risk period. The authors concluded that influenza vaccination did 
not appear to be associated with an increased risk of relapse in MS patients. 

Confavreux et al. (2001) conducted a case-crossover study in adults 
attending neurology centers affiliated with the European Database for Mul- 
tiple Sclerosis. The study included 643 adults with definite or probable MS 
diagnoses and at least one relapse of symptoms that occurred from 1993 
through 1997. The relapse was confirmed during outpatient visits or during 
hospitalizations at the neurology centers. For each patient, information on 
immunizations received was obtained from telephone questionnaires and 
confirmed with vaccination records or written confirmation from the physi- 
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cian. Vaccinations were confirmed for 260 participants, not confirmed for 
57, and 326 reported receiving no vaccinations during the study period. The 
risk period was defined as any time within 2 months before the relapse, and 
the four control periods were outlined as 2-month intervals prior to the risk 
period (2-10 months before the relapse). The relative risk of relapse of MS 
within 2 months of influenza vaccination was 1.08 (95% CI, 0.37-3.10). 
The authors concluded that vaccination against influenza does not appear 
to increase the risk of MS relapse in adults. 


Weight of Epidemiologic Evidence 


The two studies considered in the assessment of the epidemiologic evi- 
dence did not find evidence of an association between influenza vaccine and 
relapse of MS. However, both studies had methodological issues. Neither 
of the studies were adequately powered to rule out a clinically relevant as- 
sociation. Furthermore, the study by Confavreux et al. (2001) could not 
adequately control for a potential association between influenza infection 
and MS relapse, which could have been affected by vaccination and would 
tend to mask a causative influence of vaccination in a subset of patients. 
See Table 6-5 for a summary of the studies that contributed to the weight 
of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision, to 
assess an association between influenza vaccine and relapse of MS 
in adults. 


Mechanistic Evidence 


The committee identified three publications reporting the administra- 
tion of an influenza vaccine to patients with MS. Moriabadi et al. (2001) 
did not report MS relapse after vaccination. Salvetti et al. (1995) reported 
fewer MS relapses in the year after vaccination than during the year preced- 
ing vaccination. The authors did not report the latency between administra- 
tion of the vaccine and MS relapse after vaccination. Kepes (1993) did not 
provide evidence beyond temporality. The publications did not contribute 
to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


There is strong evidence that several viral infections trigger flare-ups 
in patients with MS. Whether influenza virus triggers these flare-ups is less 
certain. Given that vaccination triggers inflammatory responses, and inflam- 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


320 


"e»uoprao orSo[oruropido Jo YSIaM ot ur pəzəpisuo2 JOU 312A suomnejrur 
SNOTIƏS Á19A SUIABY se possosse SAPNIS 'o[qrgi|gou se poleusisop əsou1 uey} suonen [jeorSo[opoueur a10ur peu snoras se poieugisop sorpnis , 
"uonrugoap/dno18 Áreurud ou 10} po1rodo: o1eumso 1233Jo/[stut IY) YUM po1eduioo (speA1o1ut o2uopguoo 9566 Burd 
-de[1240u0u YUM snoau2801319Q st *3*2) Apueogruáis s13jrp ətuoəjno JO əmsodxə jo uoniugop 21eu123[e/dnouSqns əu 10g 31euimso PAPAS AL q 
'Ssioqne IYI Aq po1te3s IsTMIYIO ssə|un [AAI] ç0`0 [BUOTIUZAUOD at Ao|əq e»ueogrusirs [eorisnejs pousse 29231rumoo IYL, p 





9sdv[o1 SW 210J9q 








(01'£-2€0 sido g =c 8191u25 
“ID 9556) 8071 :ponəd [o31uo07) KSo[o1nou Je 
:UOHUro2tA sIsOJ9[pig | suonezi[eiidsog 
ANE osde[o1 sW 31ojəq : S 
vzuanpurjo sasouseip SW ə|di[n]i JO SJISIA 
syjuOW Z uym 
sujuouu c ə|qeqo:d 10 n s 10} quanedino (1007) 
pequosop uym esde[poi  ƏltuUəp ym ‘Porod gsr aseqeieqg Zunnp pourmjuoo ye 9 
snoriəç ƏuoN SW IO UY  Suened ç+9 J9AOSSOJ2-9SE7) uvadoing osde[o1 SI xnadAejuo?) 
uOntui)otA 
vzuanjur Jo so1e1g 
syjuow 9 10 skep sasousvip pauupy 
oqa»v[d ; : 
gT Uyam Əsde|ə: FADOT Jeny pej[[o33u02 SW Surarurod əy} ul 1sído[o1nou 
pequosop SI ur oouo19jrp poai vs pozimopues -Sursdv[o1 S197099 e Aq powguoo (L661) 
SNOTIIS əƏUON JULIYIUSIS ON pALUNA 6p ‘purq-əjqnoq y™ sjusneg SIN tA Əsde|Ə: SIT `I# 39 IPWN 
ə(snorrəç 10 asr 19081H (anjea 9zIS 9|dureg usisaq Ápnig uone[ndoq Sung awom uoge 
ƏR8ƏN) — ie sdnos8qng d 10 ID 9666) Apnag Apnas peugaq 
suontjuir[ snoouosSo1019H ,9JEUIDS 2ZIS peuyoaq K[[euon aod (9 
3294/4 Á1eurtaq 
sMnp v 


ur osde[ow SIN pue ouro»eA ezuenjug 10} Dupy 3IS8o|ortuəpidq jo WZM eu ur pepn[»ug serpnas. c-9 TT8V.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


INFLUENZA VACCINE 321 


mation is associated with exacerbations of MS, it is possible that vaccina- 
tion could exacerbate clinical symptoms in MS patients. However, clinical 
studies with cohorts of MS patients generally do not support a causal rela- 
tionship between TIV and exacerbations of MS. Case reports are few, but 
generally time is the only connection between MS flare-up and vaccination. 
Thus, there is no mechanistic evidence to support an association between 
influenza vaccines and MS relapse in adults. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to the relapse of MS in adults. Autoantibodies, 
T cells, and molecular mimicry may contribute to the symptoms of MS; 
however, the publications did not provide evidence linking these mecha- 
nisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and relapse of MS in adults as 
lacking. 


Causality Conclusion 


Conclusion 6.9: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and relapse of MS 
in adults. 


GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed 21 studies to evaluate the risk of Guillain- 
Barré syndrome (GBS) after the administration of influenza vaccine? Nine 
studies (Geier et al., 2003; Haber et al., 2004; Izurieta et al., 2005; Johnson, 
1982; Muhammad et al., 2011; Nakayama and Onoda, 2007; Souayah 
et al., 2007, 2009; Vellozzi et al., 2009) were not considered in the weight 
of epidemiologic evidence because they provided data from passive surveil- 
lance systems and lacked unvaccinated comparison populations. Three con- 
trolled studies (Hambidge et al., 2006; Lasky et al., 1998; Wu et al., 1999) 
had very serious methodological limitations that precluded their inclusion 
in this assessment. The study by Hambidge et al. (2006) was unable to find 
any cases of GBS within the defined risk period following influenza vaccina- 
tion using a case-crossover design, so no conclusions could be drawn from 





?The committee does not include in this review any of the studies of the 1976-1977 swine 
influenza vaccine and its relationship to GBS. This association is accepted as causal by most 
analysts and a previous IOM committee (Institute of Medicine, 2004). 
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this analysis. The random-digit-dialing telephone survey used by Lasky 
et al. (1998) to define the population rates of vaccination was problematic, 
and the results suggested confounding by age may be present. Wu et al. 
(1999) conducted a case-control study, but provided inadequate informa- 
tion on how the controls and exposure were classified. 

The nine remaining controlled studies (Burwen et al., 2010; Greene 
et al., 2010; Hughes et al., 2006; Hurwitz et al., 1981; Juurlink et al., 
2006; Kaplan et al., 1982; Roscelli et al., 1991; Stowe et al., 2009; Tam 
et al., 2007) contributed to the weight of epidemiologic evidence and are 
described below. 

Hurwitz et al. (1981) conducted a cohort study in GBS patients based 
on data from a voluntary surveillance system that analyzed disease onset 
from September 1978 through March 1979. During the study period, 1,813 
neurologists (37 percent of the American Academy of Neurology members) 
submitted surveillance forms reporting new cases of GBS. The surveillance 
form listed the patient’s date of birth, race, sex, county of residence, date of 
GBS onset, and date and type of any vaccinations received within 8 weeks 
of disease onset. Cases of GBS that did not receive an influenza vaccination 
within 8 weeks of onset were classified as unvaccinated, whereas those that 
received influenza vaccine during this period were listed at vaccinated. Since 
only neurologists participated, cases reported or seen in other settings were 
missed in this analysis. The vaccinated patients tended to be older than the 
unvaccinated (median age of 55 years compared to 35 years of age, respec- 
tively) and included a higher percentage of women (69 percent compared 
to 44 percent). The analysis was restricted to adults (> 18 years of age) 
and included 12 vaccinated and 393 unvaccinated cases. U.S. population 
estimates were used from the Bureau of the Census, and an estimate of the 
number of vaccinated adults was obtained from a national immunization 
survey conducted by the Opinion Research Corporation. Incidence rates 
were calculated for the vaccinated and unvaccinated groups, and expressed 
as 0.52 and 0.38 cases per million persons per month, respectively. The 
relative risk of onset of GBS within 8 weeks of influenza vaccination was 
1.4 (95% CI, 0.7-2.7). The authors concluded that there was no increased 
risk of GBS onset within 8 weeks of immunization during the 1978-1979 
influenza season. 

Kaplan et al. (1982) conducted a cohort study in GBS patients and used 
the same methods as Hurwitz et al. (1981) to analyze the onset of disease 
from September through March of the 1979-1980 and 1980-1981 influ- 
enza seasons. A total of 1,648 neurologists submitted surveillance forms 
in 1979-1980, and 1,557 participated in 1980-1981. Cases not reported 
or seen by neurologists were missed in this study. The analysis included 
7 vaccinated and 412 unvaccinated adults (> 18 years of age) with GBS 
onset during 1979-1980, and 12 vaccinated and 347 unvaccinated during 
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1980-1981. The relative risk of GBS onset within 8 weeks of vaccination 
during the 1979-1980 influenza season was 0.6 (95% CI, 0.45-1.32), and 
during the 1980-1981 season it was 1.4 (95% CI, 0.80-1.76). The authors 
concluded that there was no increased risk of GBS onset within 8 weeks 
of immunization during the 1979-1980 or 1980-1981 influenza season. 

Roscelli et al. (1991) conducted a retrospective cohort study in active 
duty soldiers with health statistics from the U.S. Army Health Services 
Command database and vaccination information from the office of the 
Surgeon General of the U.S. Army. A total of 289 patients were hospital- 
ized for onset of GBS at U.S. Army Medical Treatment Facilities from 
1980 through 1988. The risk period was defined as cases of GBS occurring 
during November of 1980 to 1988, and the control period included cases 
reported in non-November months during these years. By looking at diag- 
noses in November, the onset of GBS was assumed to occur 1 month after 
vaccination (the U.S. Army requires annual immunization during the last 
week of October). A total of 23 cases occurred in November, and a mean 
of 24.18 cases were reported for non-November months. The monthly in- 
cidence of GBS was calculated by estimating the annual number of active 
duty army soldiers eligible for influenza vaccination (780,000 soldiers) and 
the number that received vaccine (624,000 based on an 80 percent compli- 
ance rate). For the month of November, the monthly incidence of GBS was 
3.3 per million (95% CI, 2.0-4.6); during the non-November months, the 
incidence was 3.4 per million (95% CI, 3.0-3.8). No significant difference 
was observed between the risk and control periods. The authors concluded 
that influenza vaccination during 1980 through 1988 was not associated 
with an increased incidence in GBS in active duty U.S. Army soldiers. GBS 
is generally more frequent in winter months and has been associated with 
influenza infection itself, and these confounders could mask an association 
between vaccination and GBS. However, there was no evidence of seasonal 
differences in rates in the non-November months in this study. 

Hughes et al. (2006) conducted a self-controlled case-series study in 
patients (0 to 100 years of age) registered in the GPRD from January 1992 
through December 2000. A total of 228 new cases of GBS were identified 
from medical diagnostic codes in the medical records. If multiple diagnostic 
codes were present for one patient, the first recorded code was considered 
the date of disease onset. The immunization status was also found in the 
medical record. Cases of GBS occurring within 42 days of vaccination (risk 
period) were compared to diagnoses occurring at any other time during 
the study period (control period). Three cases occurred in the risk period 
and 225 cases occurred in the control period. The adjusted relative risk 
of GBS onset within 42 days of influenza vaccination was 0.99 (95% CI, 
0.32-3.12). The authors concluded that vaccination against influenza does 
not increase the risk of GBS incidence within 42 days of immunization, 
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but noted the study was underpowered to assess a small increase in the 
background incidence. 

Juurlink et al. (2006) conducted a self-controlled case-series study in 
adults (> 18 years of age) from April 1993 through March 2004. Vac- 
cination records were obtained from the Ontario Health Insurance Plan 
database and linked to hospital admissions information from the Canadian 
Institute for Health Information Discharge Abstract Database. To identify 
new cases of GBS and avoid misclassification of patients with chronic in- 
flammatory demyelinating polyneuropathy, the authors excluded cases that 
had any previous admission for GBS. Any general vaccination that was pro- 
vided to adults during October and November of each season was classified 
as an influenza immunization (the authors noted that influenza vaccinations 
rarely received specific codes). The analysis was restricted to patients who 
received a vaccination and were hospitalized for GBS onset during the 43 
weeks of follow-up. The primary risk and control periods were defined as 
2 to 7 weeks and 26 to 43 weeks after vaccination, respectively. A total 
of 51 cases were observed in the risk period and 141 cases were observed 
in the control period. The relative risk of a hospitalization for GBS onset 
during the 2 to 7 weeks after influenza immunization was 1.45 (95% CI, 
1.05-1.99). Three additional sensitivity analyses using a longer risk period, 
shorter control period, or longer control period were conducted to evaluate 
the seasonal variations in GBS incidence and the results were consistent. 
The authors also performed an ecological analysis at the population level 
using a time series in the period between June 1, 1991, and March 31, 
2004, to determine if there was an increase in GBS hospitalizations after 
introduction of universal influenza immunization program. The authors 
found no significant increase in hospitalization for GBS onset in adults 
after the mass influenza vaccination program; however, the analysis failed 
to adequately control for confounding by influenza season. 

Tam et al. (2007) used the GPRD to perform a nested case-control 
study in 553 GBS patients with onset from 1990 through 2001, and 5,445 
randomly selected, matched controls. The enrolled cases had a consultation 
for GBS in their medical record (repeat consultations were excluded) and at 
least 1 year of follow-up in the GPRD. Any cases with consultations within 
4 months of joining a new clinic or less than 2 months of follow-up from 
the date of GBS onset were excluded from the analysis. A total of 10 con- 
trols were matched to each case on general practice clinic, sex, birth year, 
and an assigned date of GBS consultation. The controls also had to meet 
the same inclusion criteria that were described above for the GBS cases. The 
date of influenza immunization was obtained from the medical record and 
the risk period was defined as 60 days prior to the GBS consultation (or 
assigned date in controls). The odds ratio for GBS onset within 60 days of 
immunization against influenza was 0.16 (95% CI, 0.02-1.25). The authors 
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concluded that influenza vaccination is not associated with an increased 
risk of GBS in adults; however, they noted that this association was not 
the primary goal of the study. Also, differences between those selected for 
vaccination and others could have contributed to the association reported. 

Stowe et al. (2009) conducted a self-controlled case-series study in 
GBS patients (all ages) registered in the GPRD from 1990 through 2005. 
Patients with a first or new consultation for GBS in their medical records 
were identified, and the date of influenza immunization was recorded. Cases 
that received at least one influenza vaccination had to complete a two-stage 
validation process to verify the date of diagnosis and to assess if an earlier 
date of onset was present in the medical record. The study controlled for 
season by using the calendar month of vaccination and controlled for age 
by using 12 age periods in the analysis. A total of 775 episodes occurred in 
690 enrolled patients, of which 169 had at least one influenza vaccination. 
The primary risk period was defined as 0-90 days after vaccination, and 12 
and 157 cases occurred within the risk and control periods, respectively (the 
control period was not defined). The relative risk of GBS onset within 90 
days of influenza vaccination was 0.76 (95% CI, 0.41—1.40). The authors 
concluded that vaccination against influenza does not increase the risk of 
GBS incidence, and suggested that an association with influenza-like illness 
may explain the increase of GBS cases often observed during the influenza 
season. 

Burwen et al. (2010) conducted a retrospective cohort study in 22.2 
million adults (« 65 and 2 65 years of age) who received an influenza vac- 
cination from September through December of 2000 and 2001 according 
to Medicare claims data. Cases of GBS were identified using hospital claims 
data from Medicare files, and diagnoses that occurred within 18 weeks 
of vaccination were reviewed by a physician. The cases were classified as 
definite, probable, or possible GBS, or not a case. Definite or probable case 
definitions required exclusion of other diagnoses in the information avail- 
able. The date of GBS onset was obtained from the medical record. The 
authors compared the incidence rate of GBS during the risk period (0 to 
6 weeks after vaccination) to the incidence rate during the control period 
(9 to 14 weeks after vaccination). The authors excluded weeks 7 and 8 
from the analysis to avoid misclassification of cases in the control period 
if the risk of GBS extended beyond week 6. In 2000, a total of 33 cases 
and 10,206,581 person-periods were reported in the risk period, and 38 
cases and 10,137,566 person-periods were reported in the control period. 
In 2001, a total of 51 cases and 11,972,259 person-periods were reported 
in the risk period, and 42 cases and 11,895,891 person-periods were re- 
ported in the control period. The relative risk of onset of GBS (definite or 
probable) within 6 weeks of influenza vaccination during the 2000 study 
period was 0.86 (95% CI, 0.52-1.41), and during the 2001 study period it 
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was 1.21 (95% CI, 0.79—1.86). The authors concluded that influenza vac- 
cine was not associated with GBS in adults (2 65 years of age) during the 
2000-2001 or 2001-2002 influenza season. However, the study was unable 
to control for the seasonal variation in influenza, a potential confounder. 

The study by Greene et al. (2010) was described in detail in the sec- 
tion on seizures. This retrospective cohort study investigated the occur- 
rence of adverse events after influenza vaccination in children and adults 
enrolled in eight MCOs participating in the VSD. The authors used a 
Poisson-based approach (applying a maximized sequential probability 
ratio test [MaxSPRT]) to assess the risk of GBS after influenza vaccination. 
The study included cases of GBS reported during outpatient, inpatient, 
and emergency department visits after receipt of influenza vaccine from 
September through April of the 2005-2006, 2006-2007, and 2007-2008 
influenza seasons. The analysis was restricted to new cases of GBS (the 
first event of its type) that occurred in the year of interest. The risk period 
for the GBS analysis (1 to 42 days after vaccination) of the current season 
was compared to the risk period of the previous seasons (historical risk 
period). The relative risk of GBS (in all ages) reported 1 to 42 days after 
influenza vaccination was 0.83 during the 2005-2006 season, 1.13 dur- 
ing the 2006-2007 season, and 1.37 during the 2007-2008 season; none 
of the associations was significant. The authors concluded that the risk of 
GBS after influenza vaccination was not significantly elevated compared to 
no vaccine during the 2005-2006, 2006-2007, and 2007-2008 seasons. 
However, annual variations in timing and severity of influenza may have 
affected GBS rates and confounded these associations. 


Weight of Epidemiologic Evidence 


Of the nine epidemiologic studies reviewed, none were from a ran- 
domized clinical trial. GBS has a known seasonal variation, and some 
studies (see for instance Juurlink et al., 2006; Stowe et al., 2009) have 
demonstrated an association between GBS and influenza infection, so the 
risk of confounding by seasonal variation is very high. Only one paper 
(Juurlink et al., 2006) found a significantly increased risk of GBS associ- 
ated with influenza vaccine, but results are limited by possible seasonality 
confounding. Furthermore, the authors noted that the absolute risk is very 
low. A recently published cohort study (Burwen et al., 2010) using a larger 
data set for analysis from two influenza seasons did not find a significant 
increased risk in GBS. One study (Hughes et al., 2006), which also showed 
no significant association, had a good study design, but the source data 
used for this analysis did not have enough power to assess an association. 
Taken together, the nine controlled studies did not support that influenza 
vaccination is associated with GBS. There are a relatively large number 
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of studies showing lack of evidence of an association between influenza 
vaccine and GBS, and they were generally well done. All the studies were 
potentially limited by confounding by seasonality and by the associa- 
tion between influenza itself and GBS, which could mask an association 
between vaccine and GBS. In addition, strains of influenza targeted by 
the vaccine vary each year and associations with GBS also may vary. See 
Table 6-6 for a summary of the studies that contributed to the weight of 
epidemiologic evidence. 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on nine studies with sufficient validity 
and precision to assess an association between influenza vaccine 
and GBS; these studies generally report a null association, but the 
findings are variable across these studies. 


Mechanistic Evidence 


The committee identified 16 publications reporting the development of 
GBS after administration of an influenza vaccine. Fifteen publications did 
not provide evidence beyond temporality, some too long or too short based 
on the possible mechanisms involved (Blanco-Marchite et al., 2008; Brooks 
and Reznik, 1980; Eckert et al., 2005; Haber et al., 2004; Hajiabdolbaghi 
et al., 2009; Kao et al., 2004; Kavadas et al., 2008; Kuitwaard et al., 2009; 
Liu et al., 2006; Moon and Souayah, 2006; Muhammad et al., 2011; 
Nakashima et al., 1982; Pelosio et al., 1990; Pritchard et al., 2002; Thaler, 
2008). Long latencies between vaccine administration and development of 
symptoms make it impossible to rule out other possible causes. One publi- 
cation also reported the concomitant administration of vaccines making it 
difficult to determine which, if any, vaccine could have been the precipitat- 
ing event (Thaler, 2008). In addition, two publications reported preceding 
illnesses that could have contributed to the symptoms (Haber et al., 2004; 
Muhammad et al., 2011). These publications did not contribute to the 
weight of mechanistic evidence. 

Described below are two publications, reporting clinical or experimen- 
tal evidence that contributed to the weight of mechanistic evidence. 

Bedard Marrero et al. (2010) described in case number 1 a 68-year-old 
man, with a history of hypertension, who presented with tingling sensa- 
tion of the hands and feet 2 weeks after receiving an influenza vaccine. The 
patient later developed respiratory difficulties, the inability to void, flaccid 
paralysis in all four extremities, and decreased sensation in cranial nerve V 
with decreased corneal and gag reflexes leading to a diagnosis of GBS. Im- 
munoglobulin (Ig) G anti-GM1 ganglioside antibodies were demonstrated 
in the patient. 
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Nachamkin et al. (2008) immunized mice with influenza vaccines to 
determine if Campylobacter jejuni (C. jejuni) contamination of influenza 
vaccine induced GBS by eliciting antiganglioside antibodies. Mice were 
immunized twice with C. jejuni (positive control), C. jejuni waaF knock- 
out mutant (negative control), A/NJ/1976 influenza vaccine (1976 swine 
influenza vaccine), 1991-1992 influenza vaccine, or the 2004-2005 influ- 
enza vaccine; the immunizations were separated by 21 days. Antibodies 
to hemagglutinin were demonstrated in mice immunized with influenza 
vaccine but neither the positive nor negative controls. To determine if the 
vaccine preparations were contaminated with C. jejuni, the authors tested 
the serum samples from influenza-vaccine-immunized mice for antibodies 
to C. jejuni and performed polymerase chain reaction (PCR) on the vaccine 
preparations to amplify prokaryotic ribosomal ribonucleic acid. The serum 
tests and PCR were negative suggesting the vaccine preparations were not 
contaminated with C. jejuni. However, IgM and IgG anti-GM1 ganglioside 
antibodies were demonstrated in mice immunized with an influenza vaccine 
or the positive control. Furthermore, the concentration of anti-GM1 IgM 
and IgG antibodies demonstrated in mice immunized with the A/NJ/1976 
influenza vaccine were statistically significant on days 7, 21, and 35 after 
immunization compared to the day of immunization. The antiganglioside 
antibody-positive mice did not present with clinical disease. 


Weight of Mechanistic Evidence 


While rare, infection with influenza viruses A and B have been associ- 
ated with the development of GBS (Davis, 2008). The committee considers 
the effects of natural infection one type of mechanistic evidence. 

The publications described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
GBS after administration of an influenza vaccine. The presence of antigan- 
glioside antibodies has been associated with many cases of GBS that were 
not precipitated by C. jejuni infections (Willison, 2005). The mechanism 
appears to be a cross-reaction to viruses. The presence of antibodies in the 
case described in Bedard Marrero et al. (2010) is consistent with GBS but 
does not provide an etiologic connection with the vaccine. Furthermore, 
Bedard Marrero et al. (2010) did not rule out other possible etiologies of 
the GBS. Nachamkin et al. (2008) ruled out C. jejuni contamination of 
the 1976 influenza vaccine. In addition, Nachamkin et al. (2008) reported 
antiganglioside antibodies in mice immunized against the 1976 influenza 
vaccine and non-GBS-associated influenza vaccines. However, the mice with 
antiganglioside antibodies did not have clinical disease and the vaccine dose 
was higher by body weight than the human vaccine dose (Nachamkin et al., 
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2008). Furthermore, Nachamkin et al. (2008) did not include a negative in- 
fluenza control virus that does not induce anti-GM1 antibodies in the study. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of GBS. Autoantibodies, comple- 
ment activation, immune complexes, T cells, and molecular mimicry may 
contribute to the symptoms of GBS; however, the publications did not 
provide evidence linking these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and GBS as weak based on 
knowledge about the natural infection, one case, and experimental 
evidence. 


Causality Conclusion 


Conclusion 6.10: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and GBS. 


Although the epidemiologic evidence is graded moderate-null, the com- 
mittee does not feel the evidence is adequate to favor rejection of an as- 
sociation because of the potential for confounding by season and influenza 
infection and because of the yearly differences in influenza strains included 
in the vaccine. While the weight of epidemiologic evidence does not sup- 
port a causal link between influenza vaccinations evaluated over the last 
30 years, an association cannot be confidently ruled out, particularly for 
future vaccine strains. 


CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of influenza vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and CIDP. 


Mechanistic Evidence 


The committee identified five publications reporting CIDP after admin- 
istration of an influenza vaccine. Four publications did not provide evidence 
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beyond temporality, some too short based on the possible mechanisms 
involved (Brostoff et al., 2008; Kelkar, 2006; Pritchard et al., 2002; Wells, 
1971). The publications did not contribute to the weight of mechanistic 
evidence. 

Described below is one publication that contributed to the weight of 
mechanistic evidence. 

Three VAERS reports, identified in Vellozzi et al. (2009) describing 
the development of CIDP after administration of influenza vaccines were 
obtained via a FOIA request (FDA, 2010). In two reports the patients devel- 
oped CIDP after administration of influenza vaccines in two different years. 
Symptoms developed between 1 and 10 days after administration of the 
influenza vaccines. In a third report an influenza vaccine was administered 
to a patient with a history of CIDP. Evidence beyond a temporal relation- 
ship between administration of the vaccine and development of CIDP after 
vaccination was not provided in any of the reports. 


Weigbt of Mecbanistic Euidence 


The publication described above did not provide evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
CIDP. The symptoms described in the publications referenced above are 
consistent with those leading to a diagnosis of CIDP, but the only evidence 
that could be attributed to the vaccine was recurrence of symptoms upon 
vaccine rechallenge. Autoantibodies, T cells, and molecular mimicry may 
contribute to the symptoms of CIDP; however, the publications did not 
provide evidence linking these mechanisms to the vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and CIDP as weak based on 
two cases. 


Causality Conclusion 


Conclusion 6.11: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and CIDP. 


BELL’S PALSY 


Epidemiologic Evidence 


The committee reviewed five studies to evaluate the risk of Bell’s palsy 
after the administration of influenza vaccine. Two studies (Izurieta et al., 
2005; Zhou et al., 2004) were not considered in the weight of epidemio- 
logic evidence because they provided data from passive surveillance systems 
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and lacked unvaccinated comparison populations. One controlled study 
(Mutsch et al., 2004) investigated the association of a vaccine product that 
is no longer in use and was not included in the epidemiologic evidence. 

The two remaining controlled studies (Greene et al., 2010; Stowe 
et al., 2006) contributed to the epidemiologic weight of evidence and are 
described below. 

Stowe et al. (2006) conducted a self-controlled case-series study in 
patients (2 to 95 years of age) enrolled in the GPRD. Eligible patients 
received at least one inactivated influenza vaccine and had a consultation 
for Bell’s palsy from July 1992 through June 2005. Multiple consultations 
were counted as a single episode if the second consultation occurred within 
6 months of the first visit. Follow-up ended on the date the patient left the 
practice, the date data were last obtained from the practice, date of death, 
or June 30, 2005, whichever occurred first. The risk period was defined as 
1-91 days after vaccination, with separate analyses for 1-30 days, 31-60 
days, and 61-91 days. The authors expected a reduced number of events 
14 days prior to vaccination and an increased number of events on the day 
of vaccination because of increased opportunity to record cases, so these 
were analyzed as separate risk periods. The control period included all 
other time not attributed to the risk periods. Analyses were adjusted for 
age (5-year categories), influenza season (defined as July through June), and 
calendar time (by quarter). A total of 2,128 patients were included in the 
analysis; they experienced 2,263 Bell’s palsy episodes, and received 8,376 
doses of influenza vaccine. The relative risk of Bell’s palsy within 1-91 days 
of influenza vaccination was 0.92 (95% CI, 0.78—1.08). Additionally, no 
significant increased risk was observed when the risk period was separated 
into 30-day intervals or when the analyses were separated into three age 
groups (0—44 years, 45—64 years, > 65 years). The authors concluded that 
influenza vaccine is not associated with an increased risk of Bell’s palsy 
within 3 months of vaccination. 

The study by Greene et al. (2010) was described in detail in the section 
on seizures. This retrospective cohort study investigated the occurrence of 
adverse events after influenza vaccination in children and adults enrolled 
in eight MCOs participating in the VSD. The study included cases of Bell’s 
palsy reported during outpatient, inpatient, and emergency department 
visits after receipt of influenza vaccine from September through April of 
the 2005-2006, 2006-2007, and 2007-2008 influenza seasons. The risk 
period for the Bell's palsy analysis (1 to 42 days after vaccination) of the 
given season was compared to the control period (15 to 74 days before vac- 
cination) of the same season. Because the prevaccination period tended to 
always be in the earliest part of the season, residual confounding owing to 
the lack of adjustment for different seasonal risks of infection was present. 
The relative risk of Bell's palsy in children within 1-42 days of influenza 
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vaccination was 0.67, 1.81, and 1.27 for the 2005-2006, 2006-2007, and 
2007-2008 influenza seasons, respectively. The relative risk of Bell’s palsy 
in adults within 1-42 days of influenza vaccination was 1.06, 1.07, and 
0.99 for the 2005-2006, 2006-2007, and 2007-2008 influenza seasons, 
respectively. None of the associations was significant. This paper also 
included an analysis comparing rate ratios in the current year with the 
cumulative ratios in prior comparison years. All of these comparisons also 
found no increase in Bell’s palsy in the risk period. 


Weight of Epidemiologic Evidence 


Analyses from one retrospective cohort study and one self-controlled 
case-series study were included in the epidemiologic evidence. Neither of 
these studies (Greene et al., 2010; Stowe et al., 2006) found a significantly 
increased risk of Bell’s palsy after influenza vaccination. The studies were 
generally well done and the results were consistent, supporting the commit- 
tee’s conclusion that the evidence overall reached a high level of confidence 
for a null association. See Table 6-7 for a summary of the studies that 
contributed to the weight of epidemiologic evidence. 


The committee has a high degree of confidence in the epidemiologic 
evidence based on two studies with validity and precision to assess 
an association between inactivated influenza vaccine and Bell’s 
palsy; these studies consistently report a null association. 


Mechanistic Evidence 


The committee identified two publications reporting Bell’s palsy after 
administration of an influenza vaccine. The publications did not provide 
evidence beyond temporality, some too short based on the possible mecha- 
nisms involved (Chou et al., 2007; Philippin et al., 2002). The publications 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and Bell’s palsy as lacking. 


Causality Conclusion 


Conclusion 6.12: The evidence favors rejection of a causal relation- 
ship between inactivated influenza vaccine and Bell’s palsy. 
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BRACHIAL NEURITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of brachial neuritis after the administration of influenza vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and brachial neuritis. 


Mechanistic Evidence 


The committee identified two publications reporting brachial neuritis 
after administration of an influenza vaccine. The publications did not pro- 
vide evidence beyond temporality and therefore did not contribute to the 
weight of mechanistic evidence (Hansen, 2005; Wells, 1971). 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of brachial neuritis. Autoantibod- 
ies, T cells, and complement activation may contribute to the symptoms of 
brachial neuritis; however, the publications did not provide evidence linking 
these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between influenza vaccine and brachial neuritis as lacking. 


Causality Conclusion 


Conclusion 6.13: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and brachial neuritis. 


SMALL FIBER NEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of small fiber neuropathy after the administration of influenza 
vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and small fiber neuropathy. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of small fiber neuropathy developing after admin- 
istration of an influenza vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of small fiber neuropathy; however, the committee did not iden- 
tify literature reporting evidence of these mechanisms after administration 
of influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and small fiber neuropathy as 
lacking. 


Causality Conclusion 


Conclusion 6.14: The evidence is inadequate to accept or reject 
a causal relationship between influenza vaccine and small fiber 
neuropathy. 


ANAPHYLAXIS 


Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of anaphy- 
laxis after the administration of influenza vaccine. Seven studies (Bohlke 
et al., 2003; D'Heilly et al., 2006; DiMiceli et al., 2006; Izurieta et al., 
2005; Muhammad et al., 2011; Nakayama and Onoda, 2007; Peng and 
Jick, 2004) were not considered in the weight of epidemiologic evidence 
because they provided data from passive surveillance systems and lacked 
unvaccinated comparison populations. 

The one remaining controlled study (Greene et al., 2010) contributed 
to the weight of epidemiologic evidence and is described below. 

The study by Greene et al. (2010) was described in detail in the section 
on seizures. This retrospective cohort study investigated the occurrence of 
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adverse events after influenza vaccination in children and adults enrolled in 
eight MCOs participating in the VSD. The study included cases of anaphy- 
laxis reported during inpatient and emergency department visits after re- 
ceipt of influenza vaccine from September through April of the 2005-2006, 
2006-2007, and 2007-2008 influenza seasons. The risk period for the 
anaphylaxis analysis (0 to 2 days after vaccination) of the given season was 
compared to the control period (7 to 9 days after vaccination) of the same 
season. The relative risk of anaphylaxis in individuals of all ages within 2 
days of influenza vaccination was 3.00, 4.00, and 1.00 for the 2005-2006, 
2006-2007, and 2007-2008 influenza seasons, respectively. None of the 
associations was significant. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between influenza vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified 10 publications reporting anaphylaxis after 
the administration of an influenza vaccine. One publication reported the 
concomitant administration of vaccines, making it difficult to determine 
which, if any, vaccine could have been the precipitating event (Ball et al., 
2001). This publication did not contribute to the weight of mechanistic 
evidence. 

Described below are nine publications reporting clinical, diagnostic, or 
experiment evidence that contributed to the weight of mechanistic evidence. 

Coop et al. (2008) describe a 37-year-old man presenting with a warm 
sensation over the entire body, face tingling and redness, postnasal drip, 
pruritus, and lip numbness 15 minutes after receiving an influenza vaccine. 
Lip swelling, heart burn, and worsening facial flushing developed over the 
next 15 minutes. The patient was treated with epinephrine and ranitidine. 
Subsequent skin prick testing showed positive responses to influenza vac- 
cine and gelatin, and a minimal response to egg. Bands corresponding to 
the molecular weights of gelatin, hemagglutinin from the influenza vac- 
cine, and ovalbumin from chicken egg were observed on the patient’s IgE 
immunoblot. 

Chung et al. (2010) performed a retrospective chart review of egg al- 
lergic children (6 months to 18 years) receiving an influenza vaccine during 
the influenza seasons 2002-2003 through 2008-2009. Patients receiving 
an influenza vaccine skin test, the two-dose graded administration of the 
vaccine, or both were identified in each of the influenza seasons. Between 
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the 2002-2003 and 2006-2007 influenza seasons 91 of 146 patients de- 
veloped a positive response to an influenza vaccine skin test. Between the 
2006-2007 and 2008-2009 influenza seasons 24 of 115 patients developed 
localized or systemic reactions after receiving the two-dose graded influenza 
vaccine. In addition, 12 of the 56 patients vaccinated, after skin testing, 
with the influenza vaccine developed localized or systemic reactions. Six 
systemic reactions involved the development of wheezing, eczema exacerba- 
tion, or hives on the face or chest 30 minutes after vaccination. 

James et al. (1998) conducted a multicenter clinical trial to investigate 
the two-dose administration of influenza vaccines to egg allergic individu- 
als. Eighty-three of the 207 subjects recruited into the investigation had a 
history of egg allergy. All 83 egg allergic subjects developed a positive re- 
sponse to skin prick testing with egg, and four of the 83 subjects developed 
positive responses to skin prick testing with the influenza vaccine. All 83 
egg allergic subjects were administered the influenza vaccine using the two- 
dose protocol without developing serious immediate or delayed reactions. 

DiMiceli et al. (2006) searched the VAERS database from July 1990 
to July 2004 for reports mentioning a history of yeast allergy present prior 
to vaccination. The authors identified 107 reports mentioning a history of 
yeast allergy. Of the 107 reports, two reported anaphylaxis after vaccina- 
tion against influenza. Case 1 (13 in the report) describes a 64-year-old 
woman presenting with oral edema and itchy watery eyes 15—45 minutes 
after vaccination against influenza. Case 2. (14 in the report) describes a 
29-year-old woman presenting with numbness, tachycardia, and difficulty 
breathing 20 minutes after administration of an influenza vaccine. 

Izurieta et al. (2005) reviewed adverse events, reported to VAERS, after 
administration of a live attenuated influenza vaccine during the 2003-2004 
and 2004-2005 influenza seasons. The authors identified seven cases of 
possible anaphylaxis. Throat swelling developed in four individuals, and 
periorbital swelling developed in one individual. In all seven reports symp- 
toms developed less than 3 hours after vaccination, and in five reports the 
symptoms developed in 20 minutes or less. 

Lasley (2007) describes a 2.5-year-old boy presenting with hives scat- 
tered on the body shortly after receiving his first dose of an influenza vac- 
cine. One month later the patient presented with hives scattered on the 
body, wheezing, and coughing 10 minutes after receiving a booster dose 
of influenza vaccine. The patient was treated with diphenhydramine and 
albuterol. The mother recalls the patient developing perioral hives after 
eating gummy candy fruit snacks. The patient developed positive responses 
to skin prick testing with Knox gelatin and liquefied gummy fruit snack. 
Furthermore, serum testing showed antibovine gelatin IgE. 

Muhammad et al. (2011) reviewed reports of adverse events after 
administration of a trivalent influenza vaccine submitted to VAERS from 
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January 1990 through June 2006, of 2- to 17-year-old children and from 
July 2008 through June 2009, of 5- to 17-year-old children. The authors 
identified six cases of anaphylaxis developing after administration of an 
influenza vaccine from 1990 through 2006. Two of the six did not receive 
other vaccines and developed chest tightness or wheezing and erythema 
or hives on the day of vaccination. The remaining four developed symp- 
toms either after the day of vaccination or after administration of multiple 
vaccines. 

Peng and Jick (2004) conducted a population-based study of anaphy- 
laxis using computer records from the GPRD for the period of January 
1994 through December 1999. The authors identified two cases of anaphy- 
laxis developing after administration of influenza vaccines. One patient was 
resuscitated in the emergency department immediately after vaccination. 

Zheng et al. (2007) describes a 31-year-old woman with a history 
of seasonal allergic rhinitis and irritable bowel syndrome who developed 
conjunctival erythema and pain after using a thimerosal-containing contact 
lens solution. A booster dose of tetanus toxoid and a thimerosal-free pe- 
diatric influenza vaccine were administered without incident. The patient 
developed a positive response to skin prick testing with a full strength adult 
influenza vaccine. Generalized pruritus, throat tightness, and a dry cough 
developed 20 minutes after the skin prick test. The patient was treated with 
epinephrine. 


Weight of Mechanistic Evidence 


The publications, described above, presented clinical evidence sufficient 
for the committee to conclude the vaccine was a contributing cause of ana- 
phylaxis after administration of influenza vaccines. The clinical descriptions 
provided in many of the publications establish a strong temporal relation- 
ship between administration of the vaccine and anaphylactic reactions. In 
addition, two publications reported the isolation of antigelatin IgE, and 
two reported positive reactions upon prick skin testing with gelatin. In ad- 
dition, one publication reported the development of symptoms to vaccina- 
tion against influenza on two occasions. The vast majority of anaphylactic 
reactions with evidence of IgE antibodies to constituents within the vaccine 
have occurred in egg allergic individuals. However, in recent years, vaccine 
manufacturers have markedly reduced the egg protein content of vaccines 
and a few recent studies have demonstrated the safety of these vaccines in 
egg allergic patients. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and anaphylaxis as strong 
based on 22 cases presenting temporality and clinical symptoms 
consistent with anaphylaxis. 
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Causality Conclusion 


Conclusion 6.15: The evidence convincingly supports a causal re- 
lationship between influenza vaccine and anaphylaxis. 


INACTIVATED INFLUENZA VACCINE AND ASTHMA 
EXACERBATION OR REACTIVE AIRWAY DISEASE 
EPISODES IN CHILDREN AND ADULTS 


Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of asthma or 
reactive airway disease episodes after TIV administration in children and 
adults with a prior diagnosis of asthma. One controlled study (Kramarz 
et al., 2000) had very serious methodological limitations that precluded 
its inclusion in the assessment. Kramarz et al. (2000) inadequately defined 
the control group and comparison time periods used in their retrospective 
cohort study. 

The seven remaining controlled studies (Bueving et al., 2004; Castro 
et al., 2001; Kmiecik et al., 2007; Nicholson et al., 1998; Pedroza et al., 
2009; Stenius-Aarniala et al., 1986; Tata et al., 2003) were included in the 
weight of epidemiologic evidence and are described below. 

Stenius-Aarniala et al. (1986) conducted a double-blind, randomized 
controlled trial in 318 patients aged 15 to 73 years, with moderate to severe 
asthma recruited at nine centers in Finland. The patients were randomly 
assigned to TIV or placebo groups, and asked to record their peak expira- 
tory flow (PEF) values, medications, and symptom scores throughout the 
study. A total of 27 patients were lost to follow-up, and it was not clear 
whether they were balanced across the vaccine and placebo groups. No dif- 
ference was observed between the PEF values reported among the vaccine 
and placebo groups during the 7 days after injection. Additionally, there 
was no difference between the severity of asthma (PEF values, symptom 
scores, changes in medication, or hospitalization due to asthma) observed 
in the groups during the 8-month follow-up period from September 1981 
through April 1982. The authors concluded that TIV administration does 
not induce asthma exacerbations in adults with moderate to severe asthma. 

Nicholson et al. (1998) conducted a double-blind, randomized con- 
trolled crossover trial in patients (18 to 75 years of age) with a history of 
asthma, recruited from nine respiratory centers and two asthma clinics in 
the United Kingdom. A total of 255 participants were included in a paired 
data analysis. These patients received TIV and placebo injections (vaccine 
then placebo or placebo then vaccine, separated by 2 weeks) and completed 
symptom diaries postinjection. The authors did not provide information on 
the characteristics of patients lost to follow-up or the results from appropri- 
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ate intention-to-treat analysis. The primary outcome was exacerbation of 
asthma within 72 hours of injection (defined as a decrease in PEF values). 
Asthma exacerbations were observed in 11 patients after TIV (4.3 percent; 
95% CI, 2.2 percent to 7.6 percent) compared to 3 patients after placebo 
(1.2 percent; 95% CI, 0.2 percent to 3.3 percent). Moderate or severe ex- 
acerbations were more common after first-time vaccinations compared to 
repeat vaccinations (1 in 16 and 1 in 83, respectively), which suggests that 
an initial TIV exposure is more likely to exacerbate asthma or that patients 
who experience an exacerbation after TIV are more likely to avoid further 
doses. The authors concluded that TIV may increase the risk of pulmonary 
complications in asthmatic patients, although this risk is very small. 

Castro et al. (2001) conducted a double-blind, randomized controlled 
crossover trial in asthmatic patients (3 to 64 years of age) recruited from 
19 American Lung Association Asthma Clinical Research Centers from 
September through November 2000. A total of 1,952 patients received TIV 
and placebo injections (vaccine followed by placebo or placebo followed 
by vaccine) and completed symptom diaries for the 14 days following each 
injection. The mean time between injections was 22 days. The rates of 
asthma exacerbations in the vaccine group (28.8 percent) were equivalent 
to the placebo group (27.7 percent) for the 14 days after injection (absolute 
difference, 1.1 percent; 95% CI, —1.4 percent to 3.6 percent). The authors 
concluded that TIV does not increase the rate of exacerbations in asthmatic 
patients. 

Tata et al. (2003) conducted a self-controlled case-series study in 6,000 
patients with asthma and 6,000 patients with chronic obstructive pulmo- 
nary disease (65 to 79 years of age) who were randomly selected from 
the GPRD. The study used patient records to assess the association be- 
tween TIV and disease exacerbations for the 1991-1992, 1992-1993, 
and 1993-1994 influenza seasons. Only patients who experienced at least 
one event during one of the three risk periods (the day of vaccination, 1 
to 2 days after, and 3 to 14 days after vaccination) were included in the 
analysis. The frequency of diagnostic codes for asthma exacerbation, any 
asthma diagnosis, and asthma drug prescription use during the risk peri- 
ods was compared to corresponding rates during the remaining influenza 
season (defined as October 1 through April 30). In observation of multiple 
outcomes (asthma exacerbation, asthma diagnosis, and increased medica- 
tion use) over three influenza seasons and three risk periods, no rate ratio 
showed an increased risk of the outcome following influenza vaccination. 
The authors concluded that vaccination with TIV does not increase the risk 
of asthma exacerbations in patients with asthma. However, the statistical 
power of the study was reduced by lower than expected vaccination rates 
(40 percent were vaccinated) and low reporting rates of asthma exacerba- 
tion (less than 5 percent of all asthma diagnosis codes). 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


INFLUENZA VACCINE 347 


Bueving et al. (2004) conducted a double-blind, randomized controlled 
trial in 696 children (6 to 18 years of age) with asthma who were enrolled 
from general practices in the Netherlands during the 1999-2000 and 2000- 
2001 influenza seasons. The study participants were randomly assigned to 
TIV (347 children) or placebo groups (349 children); the groups had similar 
baseline characteristics. The patients recorded any asthma symptoms during 
the 7 days after injection, and each child only participated in one influenza 
season. No differences in asthma symptoms were reported between the 
TIV and placebo groups within 7 days of injection. Additionally, the two 
groups did not differ in the use of medication and number of physician con- 
sultations, school absenteeism, and work absenteeism after injection. The 
authors concluded that asthmatic children have no severe local or general 
adverse reactions to TIV administration in general practice. 

Kmiecik et al. (2007) conducted a double-blind, randomized controlled 
crossover trial in patients (18 to 65 years of age) with a history of asthma, 
enrolled at four centers in Poland from October 2004 through January 
2005. The study participants were randomized to receive TIV at visit one 
and placebo at visit two (group A), or placebo at visit one and TIV at visit 
two (group B). The visits were separated by 14-day intervals. During the 
14 days after each injection, patients recorded any asthma exacerbations on 
diary cards. A total of 286 patients (144 from group A and 142 from group 
B) were included in the analysis; they received the TIV and placebo injec- 
tions and completed both 14-day observation periods. The difference in the 
asthma exacerbation rates after TIV compared to placebo was 2.8 percent 
(95% CI, 1.9 percent to 4.2 percent) for any exacerbation and 1.7 percent 
(95% CI, 1.0 percent to 2.7 percent) for severe exacerbations. These small 
differences were less than the 5 percent difference that the authors consid- 
ered clinically significant, as well as being less than the study was designed 
to be able to detect with adequate statistical power. The authors reported 
that significantly more asthma exacerbations were observed in groups A 
and B during the first 14-day interval compared to the second 14-day 
interval; however, results from appropriate repeated measures analyses (re- 
quired for crossover study designs) were not provided, making the finding 
somewhat difficult to interpret. 

Pedroza et al. (2009) conducted a double-blind, randomized controlled 
trial in 163 children (5 to 9 years of age) with a diagnosis of mild intermit- 
tent or moderate persistent asthma. The study participants were enrolled 
from the outpatient clinics of the Instituto Nacional de Pediatria, Mexico, 
and randomized to receive two doses of TIV (132 children) or placebo 
(31 children) during the 2001-2002 influenza season. The injections were 
separated by 28-day intervals. Evaluation of adverse events and measure- 
ment of the forced expiratory volumes (FEVs) at 1, 2, and 3 seconds (FEV1, 
FEV2, and FEV3, respectively) were assessed at baseline (visit one), 3 to 
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5 days after the first injection (visit two), and 3 to 5 days after the second 
injection (visit four). The authors did not adjust for differences in baseline 
FEV values between the vaccine and placebo groups; the placebo group 
had higher FEV values at visit one. There were no significant differences 
in changes in FEV1, FEV2, or FEV3 among the TIV and placebo groups 
between visits one and two, or visits one and four. The authors concluded 
that TIV administration in children with asthma is not associated with a 
significant change in pulmonary function tests. 

The committee reviewed four studies evaluating the risk of asthma or 
reactive airway disease episodes after TIV administration in children with- 
out regard to any prior diagnosis of asthma. One study (Rosenberg et al., 
2009) was not considered in the weight of epidemiologic evidence because 
it provided data from a passive surveillance system and lacked an unvac- 
cinated comparison population. One controlled study (Benke et al., 2004) 
had very serious methodological limitations that precluded its inclusion 
in the assessment. The study by Benke et al. (2004) was a cross-sectional 
survey that could not establish the temporal sequence between influenza 
vaccination and asthma episodes, and since the survey was based on self- 
reported recall of past events, vaccinations were not validated. 

The two remaining controlled studies included in the weight of epide- 
miologic evidence (France et al., 2004; Hambidge et al., 2006) had overlap- 
ping study populations and are described below. 

The study by France et al. (2004) was described in detail in the sec- 
tion on seizures. This case-crossover study investigated the occurrence of 
adverse events within 14 days of TIV administration in children enrolled in 
five HMOs participating in the VSD from January 1993 through Decem- 
ber 1999. Information regarding any prior diagnosis of asthma was not 
ascertained. Significant negative associations were reported for outpatient, 
inpatient, and emergency department visits for asthma during the 14-day 
risk period when compared to the prevaccination control period (OR, 0.72; 
95% CI, 0.68-0.76) and postvaccination control period (OR, 0.87; 95% 
CI, 0.82-0.93). When children aged 6 to 23 months were analyzed sepa- 
rately, a negative association was observed for outpatient and emergency 
department asthma visits 14 days after vaccination compared to the prevac- 
cination control period (OR, 0.73; 95% CI, 0.63-0.85) and postvaccination 
control period (OR, 0.84; 95% CI, 0.72-0.99). Separate analyses were 
not provided for asthma episodes among children with a prior diagnosis 
of asthma or without a prior diagnosis. The authors concluded that TIV 
does not increase the risk of asthma in children during the 14 days after 
vaccination. 

The study by Hambidge et al. (2006) was described in detail in the 
section on seizures. This case-crossover analysis examined the occurrence 
of adverse events within 14 days of TIV administration in children enrolled 
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in eight MCOs participating in the VSD from 1991 through 2003. Half 
of the study population overlapped the patients observed in the study by 
France et al. (2004), but separate analyses for the additional time periods 
presented in this paper (1991-1992 and 2000-2003) were not performed. 
Significantly fewer outpatient visits for asthma occurred in children aged 
6 to 23 months within 14 days of vaccination compared to pre- and 
postvaccination periods (control period 1 OR, 0.69; 95% CI, 0.63-0.76; 
control period 2 OR, 0.80; 95% CI 0.73-0.87). Separate analyses were 
not provided to distinguish asthma episodes among children with a prior 
diagnosis of asthma or without a prior diagnosis. The authors concluded 
that the lower risk of asthma observed within 14 days of TIV administra- 
tion may be due to the healthy vaccine effect or reflect a change in asthma 
therapy during the vaccination visit. 


Weight of Epidemiologic Evidence 


The seven studies reviewed (of which six were randomized controlled 
trials and four had negligible limitations in research methodology) for 
asthma or reactive airway disease episodes after TIV administration in 
children and adults with a prior diagnosis of asthma reported consistent 
findings across a broad age range of children and adults. The studies sug- 
gest no clinically or statistically significant increase in asthma exacerbation 
episodes occurs after TIV administration, regardless of whether episodes 
were measured by objective pulmonary function tests, prescription drug 
use, clinic visits, hospitalizations, absence from school or work, or sub- 
jective symptom diaries. In one randomized trial with serious losses to 
follow-up and other methodological limitations (Nicholson et al., 1998), 
a significant but relatively small reduction in PEF was reported, but only 
among first-time vaccinated asthma patients. The two overlapping studies 
(France et al., 2004; Hambidge et al., 2006) that followed large samples 
of children without regard to any prior diagnosis of asthma both reported 
consistently negative (protective) associations across a broad age range 
of children, suggesting no clinically or statistically significant increase in 
asthma episodes following TIV administration. Both studies were poten- 
tially confounded by the healthy vaccine effect and neither differentiated 
between asthma episodes in children with a prior asthma diagnosis or 
without a prior diagnosis. Under the assumption that a prior asthma di- 
agnosis has no modifying effect (i.e., the influence of inactivated influenza 
vaccination on a child’s risk of an asthma-like episode is the same regard- 
less of any prior diagnosis of asthma), these reports add to the evidence 
described in the paragraphs above for asthma episodes in individuals with a 
prior asthma diagnosis. However, these two reports are unable to shed any 
light on whether inactivated influenza vaccine may have a differential effect 
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on asthma or wheezing episodes in children depending on the presence or 
absence of a prior diagnosis of asthma. See Table 6-8 for a summary of the 
studies that contributed to the weight of epidemiologic evidence. 


The committee has a high degree of confidence in the epidemiologic 
evidence based on nine studies with validity and precision to assess 
an association between inactivated influenza vaccine and asthma 
exacerbation or reactive airway disease episodes in children and 
adults; these studies consistently report a null association. 


Mechanistic Evidence 


The committee identified 17 publications studying or reporting asthma 
or reactive airway disease episodes after the administration of an inac- 
tivated influenza vaccine. Reizis et al. (1987) did not provide evidence 
beyond temporality between vaccination and the development, not exac- 
erbation, of asthma. Fischer et al. (1982) reported no change in theophyl- 
line levels and did not report disease activity in asthmatic patients after 
administration of an inactivated influenza vaccine. Hanania et al. (2004) 
reported that the humoral immune response to an inactivated influenza vac- 
cine was not adversely affected by corticosteroid treatment in asthmatics. 
The authors did not report disease activity following vaccination. Ouellette 
et al. (1965) reported changes in airway hyperreactivity after methacholine 
challenge in asthmatics administered an inactivated influenza vaccine. The 
authors did not observe changes in airway hyperreactivity after administra- 
tion of the vaccine in the absence of methacholine challenge. Ahmed et al. 
(1997) reported that pre- and postsymptom scores were not significantly 
different in asthmatics administered an inactivated influenza vaccine. Three 
publications did not report asthma exacerbation after administration of 
an inactivated influenza vaccine (Albazzaz et al., 1987; Chiu et al., 2003; 
Sener et al., 1999). Eight publications did not provide evidence beyond 
temporality between vaccine administration and dyspnea, bronchial reac- 
tivity, decreased peak expiratory flow rates, bronchospasm, increased use 
of an inhaler, asthma attacks, wheezing, and asthma exacerbation (Bell 
et al., 1978; Esposito et al., 2008; Innes et al., 2000; Kava and Laitinen, 
1985; Kava et al., 1987; Migueres et al., 1987; Murphy and Strunk, 1985; 
Nicholson et al., 1998). These publications did not contribute to the weight 
of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

De Jongste et al. (1984) reported significant differences in histamine- 
induced bronchial hyperreactivity pre- and postvaccination in nine of nine 
asthmatic patients receiving LAIV and six of nine asthmatic patients re- 
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ceiving the inactivated influenza vaccine. The change in bronchial hyper- 
reactivity occurred in individuals receiving killed virus as well as live virus; 
therefore, this was not considered to reflect the same mechanism for asthma 
exacerbation that occurs with natural infection. 


Weight of Mechanistic Evidence 


Infection with influenza viruses is associated with exacerbation of 
asthma (Treanor, 2010). Furthermore, morbidity and mortality rates as- 
sociated with influenza virus infection are high in individuals with asthma 
(Treanor, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
asthma exacerbation or reactive airway disease episodes in children and 
adults after administration of an inactivated influenza vaccine. The symp- 
toms described in the publications referenced above are consistent with 
those of asthma exacerbation. Viral infection and IgE-mediated hypersen- 
sitivity may contribute to asthma exacerbation; however, the publications 
did not provide evidence linking these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between inactivated influenza vaccine and asthma exac- 
erbation or reactive airway disease episodes in children and adults 
as weak based on six cases. 


Causality Conclusion 


Conclusion 6.16: The evidence favors rejection of a causal relation- 
ship between inactivated influenza vaccine and asthma exacerba- 
tion or reactive airway disease episodes in children and adults. 


LIVE ATTENUATED INFLUENZA VACCINE AND ASTHMA 
EXACERBATION OR REACTIVE AIRWAY DISEASE EPISODES 
IN CHILDREN YOUNGER THAN 5 YEARS OF AGE 


Epidemiologic Evidence 


The committee reviewed six studies to evaluate the risk of asthma or 
reactive airway disease episodes in children younger than 5 years of age 
with and without a prior diagnosis of asthma after LAIV or CAIV admin- 
istration. Four papers that reported analyses from two separate controlled 
studies (Belshe et al., 2004; Bergen et al., 2004; Gaglani et al., 2008; Piedra 
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et al., 2005) and two additional controlled studies that compared LAIV to 
TIV (Ashkenazi et al., 2006; Belshe et al., 2007) contributed to the weight 
of epidemiologic evidence and are described below. Concern for a possibly 
greater risk of asthma episodes following LAIV or CAIV in the subgroup 
of children younger than 5 years of age arose from age-specific (i.e., strati- 
fied) analyses that were reported in two published papers based on the same 
study population of children between 1 and 18 years of age (Belshe et al., 
2004; Bergen et al., 2004). 

Bergen et al. (2004) conducted a double-blind, randomized controlled 
trial in healthy children and adolescents (1 to 18 years of age) selected from 
the Kaiser Permanente (KP) health plan. A total of 9,689 participants were 
enrolled from October through December 2000 and randomized (2:1 ratio) 
to receive cold-adapted, trivalent intranasal influenza virus vaccine (CAIV) 
or placebo. Among the children aged 1 to 8 years, 3,769 were immunized 
with CAIV and 1,868 received placebo; this age group also received a sec- 
ond dose of the assigned agent 28 to 42 days after the first dose. Of the chil- 
dren aged 9 to 18 years, 2,704 received CAIV and 1,348 received placebo. 
The investigators reviewed the KP database to assess any hospitalizations, 
emergency visits, or clinic visits among the cases and controls within 42 
days of vaccine or placebo administration. Serious adverse events required 
additional review of the medical record or contact with the patient's phy- 
sician or parents. Elevated risk ratios for asthma episodes were observed 
in children aged 18 to 35 months: the relative risk of asthma episodes (all 
settings combined) within 42 days after CAIV (all doses combined) was 
4.06 (9096 CI, 1.29-17.86). Although history of asthma or possible asthma 
(by parent report) was an exclusion criterion, the authors noted that upon 
review of the study participants’ medical records, 8.8 percent had previous 
visits for asthma/reactive airway disease. The authors also reported that 
among the 18- to 35-month age group, 7 of the 16 children experienc- 
ing asthma after CAIV had a prior visit for asthma listed in their medical 
record. In an analysis restricted to participants with prior asthma/reactive 
airway visits, the relative risk of asthma diagnosis within 42 days of CAIV 
vaccination was 1.11 (90% CI, 0.59-2.14); however, the analysis was not 
simultaneously separated or adjusted by age (e.g., 18 to 35 months). 

Belshe et al. (2004) conducted a post hoc analysis of the study by 
Bergen et al. (2004). In the post hoc analysis, the risk of medically at- 
tended events for asthma or reactive airway disease within 42 days of CAIV 
administration was assessed for different age groups. The relative risk of 
asthma or reactive airway disease episodes within 42 days of administra- 
tion of dose one of CAIV in children aged 12 to 59 months was 3.5 (9096 
CI, 1.09-15.54); however, no statistically significant increased risk was 
observed for children aged 36 to 59 months. There is a concern for the 
lack of simultaneous adjustment for age and history of asthma or reactive 
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airway disease visits, which was discussed above in Bergen et al. (2004). 
The authors note the lack of temporal clustering of asthma or reactive 
airway disease episodes within 42 days of vaccination for any age group 
suggests the observed increased risk of asthma may not be a result of vac- 
cine administration. 

It is important to note that the increased rates of asthma or reac- 
tive airway disease episodes following CAIV administration reported by 
Bergen et al. (2004) and Belshe et al. (2004) for children younger than 5 
years of age were based on analyses of the same study population (albeit 
stratified by slightly different age cut-points); the subgroup was small and 
the observed increases in relative risk (4.06 and 3.5, respectively) did not 
achieve statistical significance at the conventional 0.05 level. The authors 
chose to report 90 percent rather than conventional 95 percent confidence 
limits, which may have heightened concern for the potential medical or 
public health significance of the increased relative risks computed for these 
small subgroups despite their instability and lack of statistical significance. 
Several subsequent papers examined different study populations for asthma 
exacerbation following LAIV or CAIV administration in children younger 
than 5 years of age. 

Piedra et al. (2005) conducted a retrospective cohort study of chil- 
dren (18 months to 18 years of age) from the Scott & White Health Plan 
(SWHP) in Texas. The study included healthy children and children with a 
history of wheezing or mild intermittent asthma. It excluded children who 
had a previous hospital or emergency room visit for asthma, reactive airway 
disease, or wheezing within 6 to 12 months of enrollment. All study partici- 
pants received one LAIV each year they were enrolled from 1998 through 
2002. Two risk periods (defined as 0 to 14 days and 15 to 42 days after 
vaccination) were compared to a prevaccination reference period (defined 
as start date of vaccination program to date of vaccination). Adverse events 
during visits to clinics, emergency departments, and hospitals were ascer- 
tained by searching the SWHP administrative database. While the authors 
adjusted for the activity of respiratory viruses during each enrollment year, 
the prevaccination period tended to always be in the earliest part of the sea- 
son and residual confounding owing to the lack of adjustment for different 
seasonal risks of infection was still present. No significant increased risk of 
asthma was reported 0 to 14 days after LAIV administration in children 
aged 18 months to 4 years. One significant increased risk was observed in 
this age group 15 to 42 days after vaccination in year 1 (RR, 2.85; 9596 
CI, 1.01-8.03), but not in the other 3 vaccine years. The authors concluded 
that the observed increased risk of asthma in the 18-month to 4-year age 
group during the 15 to 42 days after LAIV administration was most likely 
due to chance effect because of the large number of comparisons made 
without adjustment. 
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Gaglani et al. (2008) conducted a reanalysis of the study from Piedra 
et al. (2005). The reanalysis focused on exacerbation of existing mild in- 
termittent asthma, reactive airway disease, or wheezing among study par- 
ticipants and new onset of asthma in those without a history of wheezing, 
reactive airways disease, or asthma. Two risk periods (defined as 0 to 14 
days and 0 to 42 days after LAIV vaccination) were compared to a refer- 
ence period that included events observed before vaccination and after the 
defined risk periods. One main concern with the analysis is the possibil- 
ity for confounding due to residual seasonal differences in the risk period 
comparisons (postvaccination risk period compared to the combination 
of a pre- and postvaccination reference period). The authors did not find 
an increased risk of asthma exacerbation or new onset asthma during the 
0-to-14-day or 0-to-42-day risk period after LAIV administration in the 
18-month to 4-year age group during any of the 4 study years. The authors 
concluded that LAIV administration does not increase the risk of health 
care utilization for new-onset asthma or asthma exacerbation in children 
aged 18 months to 4 years. 

Ashkenazi et al. (2006) conducted a randomized controlled trial in 
children (6 to 71 months of age) to assess the safety of CAIV in compari- 
son to TIV in 10 countries (Belgium, Czech Republic, Finland, Germany, 
Israel, Italy, Poland, Spain, Switzerland, and the United Kingdom). The 
study participants were randomly assigned in a 1:1 ratio to receive two 
doses of CAIV-T or TIV; the doses were administered approximately 35 
days apart. A total of 1,107 and 1,080 children received dose 1 CAIV-T and 
TIV, respectively; 1,068 and 1,046 children received dose 2 of CAIV-T and 
TIV, respectively. The two treatment groups had similar characteristics; a 
history of wheezing was reported among 47.1 percent of the CAIV-T group 
and 44.5 percent of the TIV group, and a history of asthma diagnosis was 
observed in 22.5 percent of the CAIV-T group and 22.8 percent of the TIV 
group. Wheezing was recorded after vaccination by parental use of diary 
cards (0 to 10 days); active surveillance consisting of telephone calls, clinic 
visits, or home visits (11 to 41 days); and reports by medical practitioners 
(11 to 41 days). The incidence of wheezing within 41 days of vaccination 
was similar in both treatment groups for dose 1 (incidence difference, 
—0.8; 90% CI, —3.1—1.6) and for dose 2 (incidence difference, 1.4; 90% 
CI, -1.0-3.8). 

Belshe et al. (2007) conducted a randomized controlled trial in children 
(6 to 59 months of age) to assess the safety of LAIV in comparison to TIV 
in 16 countries (the United States, 12 countries in Europe and the Middle 
East, and 3 countries in Asia). The study participants were randomly as- 
signed to LAIV (4,179 children) or TIV (4,173 children) based on a 1:1 
ratio, and an intramuscular or intranasal placebo was administered with the 
corresponding vaccine. The study participants and the clinical, biostatisti- 
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cal, and data-management staff did not know the treatment assignments. 
Children with wheezing recorded more than 42 days before enrollment 
or mild asthma were included in the study, whereas children with recent 
wheezing (less than 42 days before enrollment) or severe asthma were ex- 
cluded. The subjects’ parents recorded adverse events during the 42 days 
after vaccination. The authors only included in the analysis those subjects 
who completed the study and did not provide any data on the character- 
istics of the study withdrawals that would enable assessment of bias due 
to differential withdrawal across study groups. No significant difference in 
medically significant wheezing was observed between the LAIV and TIV 
groups for children aged 6 to 59 months, less than 24 months, or greater 
than or equal to 24 months. When children with or without a history of 
recurrent wheezing were analyzed separately, no significant difference was 
observed. The only observed difference in medically significant wheezing 
(within 42 days of vaccination) was in children less than 12 months of age, 
where 12 additional episodes of wheezing were reported after LAIV com- 
pared to TIV (3.8 percent and 2.1 percent, respectively). 


Weight of Epidemiologic Evidence 


In examining evidence for an association of asthma with TIV or LAIV 
immunization, the committee addressed asthma or wheezing episodes in 
study populations with and without a prior diagnosis of asthma. The 
majority of the studies enrolled persons with prior histories of asthma epi- 
sodes. The diagnosis of asthma in a child usually involves a clinical judg- 
ment following repeated episodes of wheezing. Most children with asthma 
are atopic, having demonstrable IgE antibodies to specific antigens. The age 
at which wheezing is first diagnosed is variable and often accompanies a vi- 
ral illness or antigen exposure, which are not causative, but rather stimulate 
a pathway that already existed, as described in the weight of mechanistic 
evidence below. 

Four of the papers described above, representing two discrete cohorts 
in which LAIV is compared to a control population or a control time 
period, reported what may appear to be inconsistent findings for children 
younger than 5 years of age owing largely to the choice and emphasis in 
the first two papers on 90 percent rather than the conventional 95 percent 
confidence intervals. Bergen et al. (2004) and Belshe et al. (2004) analyzed 
age-stratified data from a large double-blind randomized controlled trial 
(RCT) with serious limitations. The study protocol excluded children with 
known asthma diagnosis, but when the study was analyzed it was found 
that 8.8 percent of the participants in fact had an asthma diagnosis or 
symptoms in the past. In the Bergen et al. (2004) analysis, there was an 
increased risk of wheezing in the 42 days after LAIV administration among 
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children 18-35 months of age (including seven children with prior asthma 
and nine children without prior asthma); and in the Belshe et al. (2004) 
analysis, increased wheezing was observed in the 12- to 59-month age 
group in the 42 days after LAIV administration. The relative risk estimates 
for the youngest subgroups of children in the original study (Bergen et al., 
2004) and the reanalysis (Belshe et al., 2004) were very unstable and were 
not significantly increased at the conventional 0.05 level. For example, 
for the 3.5-fold increased relative risk reported in Belshe et al. (2004), the 
95% CI would be 0.59-20.61; and for the 4.06-fold increased relative risk 
reported in Bergen et al. (2004), the 95% CI would be 0.36—23.72. Neither 
of these are statistically significant at the conventional 0.05 level. The lack 
of temporal clustering of asthma within the 42 days following vaccination 
decreases confidence that there is a causal association. In the second set of 
papers from Piedra et al. (2005) and Gagliani et al. (2008) the prevaccina- 
tion season was used as the comparison period in the analysis. If wheezing 
rate is different in different seasons, this could obscure the effect of vac- 
cine (e.g., if wheezing is expected to be higher in the winter, the lack of 
increased wheezing would suggest a protective effect of vaccine). Although 
the papers did not account for possible seasonal variation in wheezing, it is 
noteworthy that wheezing episodes did not increase following vaccination. 

Two papers comparing TIV and LAIV found no difference in likelihood 
of wheezing or asthma episodes after immunization in children with a prior 
history of wheezing or asthma (Ashkenazi et al., 2006; Belshe et al., 2007). 
Since TIV vaccination compared to no vaccination showed a consistent 
null association with asthma episodes in children younger than 5 years of 
age (France et al., 2004; Hambidge et al., 2006) (see prior section on in- 
activated influenza vaccine and asthma or reactive airway disease episodes 
in children and adults), the two LAIV versus TIV studies provide further 
support for a null association. See Table 6-9 for a summary of the studies 
that contributed to the weight of epidemiologic evidence. 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on six studies with sufficient validity and 
precision to assess an association between LAIV and asthma ex- 
acerbation or reactive airway disease episodes in children younger 
than 5 years of age; these studies generally report a null association. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of asthma or reactive airway disease episodes in 
children younger than 5 years of age with and without a prior diagnosis of 
asthma after LAIV or CAIV administration. 
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Weight of Mechanistic Evidence 


Infection with influenza is associated with exacerbations of asthma 
(Treanor, 2010). Furthermore, morbidity and mortality rates associated 
with influenza infection are high in individuals with asthma (Treanor, 
2010). The committee considers the effects of natural infection one type of 
mechanistic evidence. 

Viral infections, IgE-mediated hypersensitivity reactions to allergens, 
and response to environmental pollutants may contribute to exacerba- 
tions of asthma in individuals predisposed to developing airway hyper- 
responsiveness. Both viral infections and environmental allergens and 
pollutants result in inflammation in the airway leading to the recruitment 
of immunomodulatory cells that release inflammatory mediators result- 
ing in airway hyperresponsiveness and remodeling. Reviews by Holgate 
(2008) and Jackson and Johnston (2010) provide detailed descriptions of 
the cells and mechanisms involved in the pathogenesis of asthma, includ- 
ing abnormal responses of airway epithelial cells and the innate immune 
system, which promote inflammation and remodeling. The committee did 
not identify literature reporting evidence of these mechanisms after admin- 
istration of LAIV. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between LAIV and asthma exacerbation or reactive airway 
disease episodes in children younger than 5 years of age as weak 
based on knowledge about the natural infection. 


Causality Conclusion 


Conclusion 6.17: The evidence is inadequate to accept or reject 
a causal relationship between LAIV and asthma exacerbation or 
reactive airway disease episodes in children younger than 5 years 
of age. 


LIVE ATTENUATED INFLUENZA VACCINE AND ASTHMA 
EXACERBATION OR REACTIVE AIRWAY DISEASE 
EPISODES IN PERSONS 5 YEARS OF AGE OR OLDER 


Epidemiologic Evidence 


The committee reviewed six studies to evaluate the risk of asthma or 
reactive airway disease episodes in persons 5 years of age or older after 
LAIV or CAIV administration. One study (Izurieta et al., 2005) was not 
considered in the weight of epidemiologic evidence because it provided data 
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from a passive surveillance system and lacked an unvaccinated comparison 
population. 

Four papers that reported analyses from two separate controlled studies 
(Belshe et al., 2004; Bergen et al., 2004; Gaglani et al., 2008; Piedra et al., 
2005) and one additional controlled study that compared LAIV to TIV 
(Fleming et al., 2006) contributed to the weight of epidemiologic evidence 
and are described below. 

The study by Bergen et al. (2004) was described in detail in the sec- 
tion on LAIV and asthma exacerbation or reactive airway disease episodes 
in children younger than 5 years of age. This randomized controlled trial 
did not observe an increased risk of asthma episodes in the 1- to 8-year or 
9- to 17-year age group within 42 days of CAIV administration. Since the 
authors only reported relative risks for positive associations, specific risk 
ratios were not available for these subgroup analyses. 

Belshe et al. (2004) conducted a post hoc analysis of the study by 
Bergen et al. (2004). This study is described in detail in the section on LAIV 
and asthma exacerbation or reactive airway disease episodes in children 
younger than 5 years of age. The authors report relative risks of asthma or 
reactive airway disease episodes within 42 days of CAIV administration in 
children aged 5 to 17 years after dose one (RR, 0.74; 9096 CI, 0.42-1.33) 
and after dose two (RR, 0.33; 90% CI, 0.10-0.96). The authors concluded 
that the administration of CAIV in children 5 to 17 years of age does not 
increase the risk of asthma. 

The study by Piedra et al. (2005) was described in detail in the section 
on LAIV and asthma exacerbation or reactive airway disease episodes in 
children younger than 5 years of age. This retrospective cohort study did 
not observe an increased risk of asthma 0 to 14 days or 15 to 42 days after 
LAIV administration in children aged 5 to 9 years or 10 to 18 years during 
any of the four study periods. 

Gaglani et al. (2008) conducted a reanalysis of the study from Piedra 
et al. (2005). This reanalysis is described in detail in the section on LAIV and 
asthma exacerbation or reactive airway disease episodes in children younger 
than 5 years of age. The authors did not find an increased risk of asthma 
exacerbation or new-onset wheezing during the 0- to 14-day or 0- to 42-day 
risk period after LAIV administration in the 5- to 9-year or 10- to 18-year 
age group during any of the 4 study years. 

Fleming et al. (2006) conducted a randomized controlled trial in chil- 
dren (6 to 17 years of age) with a clinical diagnosis of asthma. The study 
took place in 13 countries (Belgium, Finland, Germany, Greece, Israel, 
Italy, the Netherlands, Norway, Poland, Portugal, Spain, Switzerland, and 
the United Kingdom) from October 2002 through May 2003. The study 
participants were randomized 1:1 to receive CAIV (1,114 children) or TIV 
(1,115 children), and daily asthma symptoms were recorded by their par- 
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ents for 15 days postvaccination. Asthma events were also recorded during 
a surveillance phase (from day 14 through May 2003) that consisted of tele- 
phone calls, home visits, and clinic visits. No significant differences in the 
incidence of asthma exacerbations were observed between the CAIV and 
TIV groups after vaccination. The percentage point difference of incidence 
of asthma exacerbation within 42 days of CAIV administration compared 
to TIV was —0.1 (90% CI, —2.4-2.2; 95% CI, —2.8—2.6). The authors noted 
the majority of subjects that received CAIV and TIV reported no asthma 
symptoms within 15 days postvaccination. 


Weight of Epidemiologic Evidence 


In examining evidence for an association of asthma with TIV or LAIV 
immunization, the committee addressed asthma episodes in study popula- 
tions with varying asthma histories. The majority of the studies enrolled 
persons with prior histories of asthma episodes. The diagnosis of asthma in 
a child usually involves a clinical judgment following repeated episodes of 
wheezing. Most children with asthma are atopic, having demonstrable IgE 
antibodies to specific antigens. The age at which wheezing is first diagnosed 
is variable and often accompanies a viral illness or antigen exposure, which 
are not causative, but rather stimulate a pathway that already existed, as 
described in the weight of mechanistic evidence below. 

The five studies that reported observations from three different data 
sets showed consistent results. Belshe et al. (2004) and Bergen et al. (2004) 
report on a large retrospective cohort with appropriately defined control 
periods and found no association between LAIV and wheezing in children 
over 5 years of age. Although preexisting asthma was an exclusion crite- 
rion, 8.8 percent of the participants had a record of prior asthma diagnosis 
or symptoms. In these children receipt of CAIV was not associated with 
an increased risk of an asthma or reactive airway disease episode in the 42 
days after vaccination (RR, 1.11; 90% CI, 0.59-2.14). The retrospective 
cohort analyzed in Piedra et al. (2005) and Gaglani et al. (2008) included 
children with prior asthma, and no increase in wheezing was seen in chil- 
dren over 5 years in either group. Interpretation of this study is limited by 
the fact that the control period was consistently earlier in the year, when 
asthma and wheezing risk may be different. However, if wheezing rates 
vary across different seasons and wheezing is expected to be higher in the 
winter, the lack of increased wheezing could suggest a protective effect of 
vaccination. The study comparing CAIV and TIV groups (Fleming et al., 
2006) has the advantage of observing children during the same season, 
and finds no difference in asthma exacerbation or wheezing. Since TIV has 
been shown to not be associated with asthma episodes (see prior section 
on inactivated influenza vaccine and asthma or reactive airway episodes in 
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children or adults), this finding of no difference provides support for our 
weight of evidence of no association of LAIV or CAIV and asthma. See 
Table 6-10 for a summary of the studies that contributed to the weight of 
epidemiologic evidence. 


The committee has a moderate degree of confidence in the epi- 
demiologic evidence based on five studies with sufficient validity 
and precision to assess an association between LAIV and asthma 
exacerbation or reactive airway disease episodes in persons 5 years 
of age or older; these studies consistently report a null association. 


Mechanistic Evidence 


The committee identified five publications studying LAIV and asthma 
or reactive airway disease episodes in persons 5 years of age or older. Two 
publications did not observe exacerbation of asthma after administration 
of LAIV (Atmar et al., 1990; Storms et al., 1976). Two publications did not 
provide evidence beyond temporality (Kava and Laitinen, 1985; Redding 
et al., 2002). These publications did not contribute to the weight of mecha- 
nistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

De Jongste et al. (1984) reported significant differences in histamine- 
induced bronchial hyperreactivity pre- and postvaccination in all nine asth- 
matic patients receiving LAIV and six of nine asthmatic patients receiving 
the inactivated influenza vaccine. The change in bronchial hyperreactivity 
occurred in individuals receiving killed virus as well as live virus; therefore, 
this was not considered to reflect the same mechanism for asthma exacerba- 
tion that occurs with natural infection. 


Weight of Mechanistic Evidence 


Infection with influenza viruses is associated with exacerbation of 
asthma (Treanor, 2010). Furthermore, morbidity and mortality rates as- 
sociated with influenza virus infection are high in individuals with asthma 
(Treanor, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
asthma exacerbation or reactive airway disease episodes in persons 5 years 
of age or older after administration of LAIV. The symptoms described 
in the publications referenced above are consistent with those of asthma 
exacerbation. Viral infections, IgE-mediated hypersensitivity reactions to 
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allergens, and response to environmental pollutants may contribute to 
exacerbations of asthma in individuals predisposed to developing airway 
hyperresponsiveness. Both viral infections and environmental allergens and 
pollutants result in inflammation in the airway leading to the recruitment 
of immunomodulatory cells that release inflammatory mediators result- 
ing in airway hyperresponsiveness and remodeling. Reviews by Holgate 
(2008) and Jackson and Johnston (2010) provide detailed descriptions of 
the cells and mechanisms involved in the pathogenesis of asthma, includ- 
ing abnormal responses of airway epithelial cells and the innate immune 
system, which promote inflammation and remodeling. The committee did 
not identify literature reporting evidence of these mechanisms after admin- 
istration of LATV. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between LAIV and asthma exacerbation or reactive airway 
disease episodes in persons 5 years of age or older as weak based 
on knowledge about the natural infection and nine cases. 


Causality Conclusion 


Conclusion 6.18: The evidence is inadequate to accept or reject 
a causal relationship between LAIV and asthma exacerbation or 
reactive airway disease episodes in persons 5 years of age or older. 


ONSET OR EXACERBATION OF SYSTEMIC 
LUPUS ERYTHEMATOSUS 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of systemic 
lupus erythematosus (SLE) after the administration of influenza vaccine; the 
studies assessed the risk of SLE exacerbation in patients with preexisting 
disease. These four controlled studies (Abu-Shakra et al., 2000; Del Porto 
et al., 2006; Stojanovich, 2006; Williams et al., 1978) contributed to the 
weight of epidemiologic evidence and are described below. 

Williams et al. (1978) conducted a double-blind, randomized controlled 
trial in patients with SLE to investigate changes in disease activity follow- 
ing influenza immunization. A total of 40 patients who met the American 
Rheumatism Association diagnosis criteria for SLE were randomized to 
receive a bivalent whole influenza vaccine or saline injection. The authors 
noted that the two groups were balanced for age, sex, treatment, clinical 
manifestations, and prevaccination disease activity. Clinical evaluations 
were conducted at 1, 2, 4, and 6 weeks following injection, and then 
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monthly through 20 weeks of follow-up. Between weeks 15 and 20, one 
patient from the vaccinated group and one patient from the placebo group 
required hospitalization for disease flare-ups. The authors concluded that 
influenza vaccination does not increase the disease activity of SLE patients, 
but noted they had limited information to adequately assess this risk. 

Abu-Shakra et al. (2000) conducted a cohort study (presumably retro- 
spective, however the cohort design was not further described) in patients 
with SLE who were enrolled from October through November 1998. A 
total of 48 consecutive patients who met the American College of Rheu- 
matology diagnosis criteria for SLE were included in the study; 24 patients 
received influenza vaccine, and 24 patients were not vaccinated during the 
study period. The exposed and unexposed groups had similar characteristics 
(age, sex, ethnic origin, disease duration, and disease activity at diagnosis), 
but the authors failed to describe the exclusion criteria (especially for unvac- 
cinated patients). SLE activity was evaluated using the SLE Disease Activity 
Index (SLEDAI) at vaccination and during follow-up assessments at 6 and 
12 weeks postvaccination. Multivariate analysis of variance was performed 
to compare the repeated SLEDAI measurements. Changes in SLEDAI score 
for the vaccinated and unvaccinated patients were not statistically differ- 
ent after the three assessments (p = .29). There was a significant decrease 
in the SLEDAI score within each group at 6 and 12 weeks postvaccination 
compared to the time of vaccination (p = .02). The authors concluded that 
influenza vaccine does not adversely influence the disease activity of SLE 
patients. 

Del Porto et al. (2006) conducted a prospective cohort study in SLE 
and rheumatoid arthritis (RA) patients enrolled at an outpatient clinic from 
2003 through 2004. The exposed group included 14 SLE patients and 10 
RA patients who met the American College of Rheumatology diagnostic 
criteria and agreed to receive influenza vaccine during the study period. 
The unexposed group included 14 SLE patients and 10 RA patients who 
were randomly selected from the patients that did not consent to vaccine 
administration. Disease activity of the 28 SLE patients was evaluated before 
vaccination and at 1, 3, and 6 months after vaccination. The investigators 
assessed the SLEDAI scores, number and severity of flare-ups, and local or 
systemic clinical adverse events for the exposed and unexposed groups. No 
systemic clinical adverse events were observed in the vaccinated patients. 
The SLEDAI scores did not significantly increase among the vaccinated and 
unvaccinated SLE patients during the 6 months of follow-up. Additionally, 
the number and severity of flare-ups were not significantly different among 
the two groups (OR, 2.17; 95% CI, 0.1-137.49), and were observed in two 
vaccinated patients and one unvaccinated patient. The authors concluded 
that influenza vaccination does not adversely influence the disease activity 
of SLE patients. 
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Stojanovich (2006) conducted a cohort study in 69 SLE patients. A 
total of 23 patients received influenza vaccine in November 2003, and 46 
patients remained unvaccinated. The exposed and unexposed groups had 
comparable characteristics (age, gender, disease activity, manifestations of 
main disease, and immunoserological parameters) at time of vaccination. 
The investigators assessed the disease activity (SLEDAI scores) and occur- 
rence of viral and bacterial infections for 1 year following vaccination. 
The authors noted that the disease activity did not worsen in vaccinated 
SLE patients, but measures of disease activity were not provided. The 
unvaccinated SLE patients experienced more viral and bacterial infections 
and worsening of disease activity, which was attributed to changes in the 
medical management of SLE necessitated by treatment (e.g., antibiotics) 
for the infections. The authors concluded that influenza vaccination does 
not adversely influence the disease activity of SLE patients, and noted that 
unvaccinated patients are at higher risk of disease exacerbation resulting 
from viral and bacterial infections. 


Weight of Epidemiologic Evidence 


The studies considered in the epidemiologic evidence consist of one 
small RCT comparing influenza vaccine and no vaccine in SLE patients 
(Williams et al., 1978) and three observational studies that include unvacci- 
nated patients (Abu-Shakra et al., 2000; Del Porto et al., 2006; Stojanovich, 
2006). The observational studies are variably limited by size and adjust- 
ment for confounding. Changes in disease activity pre- and postvaccination 
are reported based on SLE symptom scales (SLEDAI scores). The results in 
each of the four studies are consistent with no change in disease activity or 
a negative association with disease activity (Stojanovich, 2006) following 
influenza vaccination. See Table 6-11 for a summary of the studies that 
contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on four studies that lacked validity and precision, to 


assess an association between influenza vaccine and exacerbation 
of SLE. 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and onset of SLE. 


Mechanistic Evidence 


The committee identified nine publications reporting or studying the 
onset or exacerbation of SLE after administration of an influenza vaccine. 
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Five publications either did not observe exacerbation of SLE after adminis- 
tration of an influenza vaccine or did not provide evidence beyond tempo- 
rality between vaccine administration and exacerbation of SLE (Brodman 
et al., 1978; Holvast et al., 2009b; Ichikawa et al., 1983; Wallin et al., 
2009; Wiesik-Szewczyk et al., 2010). Four publications did not provide 
evidence beyond temporality between administration of influenza vaccine 
and diagnosis of SLE (Brown et al., 1994; Ichikawa et al., 1983; Older 
et al., 1999; Vainer-Mossel et al., 2009). In addition, Older et al. (1999) 
reported the concomitant administration of vaccines, making it difficult to 
determine which, if any, vaccine could have been the precipitating event. 
These publications did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or 
experimental evidence that merits greater discussion. 

Augey et al. (2003) described a 65-year-old woman, with a history 
of hypertension and thrombosis of the retina, presenting with nonpruritic 
bubbles on the chest and arms 7 days after receiving an influenza vaccine. 
The rash spontaneously resolved within 6 months. One year later, the 
patient presented with similar symptoms, except the bubbles were more 
numerous and larger, 4 days after receiving an influenza vaccine. A biopsy 
of a bubble showed granulocytes, neutrophils, and eosinophils. The biopsy 
also showed inflammation of the dermis with a primarily lymphocytic infil- 
trate in the perivascular nodules. Deposits of IgA, IgG, IgM, and C3 were 
revealed by direct immunofluorescence. SLE was diagnosed based on the 
histology. There were no data linking the diagnosis of SLE to the vaccine, 
and there was no proposed mechanism. 


Weight of Mechanistic Evidence 


There are data suggesting that natural infections, but not influenza 
viruses per se, can exacerbate symptoms in patients with SLE (Doria et al., 
2008). Vaccination, like natural infection, triggers an inflammatory re- 
sponse, and inflammation is present during exacerbations of SLE. It is 
important to note, however, that not all inflammation is infectious so lupus 
flare-ups may also be associated with sterile inflammation as would be the 
case with an inactivated influenza vaccine. Autoantibodies, T cells, comple- 
ment activation, and immune complexes may contribute to the onset or 
exacerbation of SLE; however, the publications did not provide evidence 
linking these mechanisms to influenza vaccine. Notably, the time for pro- 
gression to SLE is thought to be many years. Therefore, a person with no 
history of SLE who presents with SLE symptoms shortly after receiving 
an influenza vaccine would not have had a vaccine-induced initiation of 
the disease process. The committee finds temporality, which is insufficient 
to conclude a causal relationship, the only association between SLE and 
influenza vaccine. 
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The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and onset or exacerbation of 
SLE as lacking. 


Causality Conclusion 


Conclusion 6.19: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and onset or exac- 
erbation of SLE. 


ONSET OR EXACERBATION OF VASCULITIS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of exacerba- 
tion of vasculitis after the administration of influenza vaccine. These two 
controlled studies (Holvast et al., 2009a; Stassen et al., 2008) contributed 
to the weight of epidemiologic evidence and are described below. 

Stassen et al. (2008) conducted a retrospective cohort study in patients 
with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis 
(AAV). Consecutive AAV patients (mainly with Wegener’s granulomatosis) 
with at least 1 year of medical record follow-up between 1999 and 2004 
were enrolled in the study. Influenza vaccination histories were obtained 
from interviews conducted in 2004 using a standardized questionnaire and 
supplemented with additional data from the patients’ general practitioners. 
Disease relapse was assessed by reviewing the medical charts for new or 
increased disease activity and was attributed to influenza vaccination if the 
vaccine was administered within 1 year of the relapse. The analysis pro- 
vided relapse rates each year for the vaccinated and unvaccinated groups. A 
total of 230 AAV patients with at least 1 year of follow-up were included in 
the study; 156 were vaccinated at least once and 74 were never vaccinated. 
The exposed group was significantly older, had longer disease duration be- 
fore enrollment, and used a lower dosage of immunosuppressive medication 
than the unexposed group. The relapse rate per 100 patients at risk during 
1999-2004 was 3.4 and 6.3 for the vaccinated and unvaccinated groups, 
respectively (RR, 0.54). The authors concluded that influenza vaccination 
does not increase the occurrence of disease relapse in AAV patients. 

Holvast et al. (2009a) conducted a randomized controlled trial in 
Wegener’s granulomatosis patients with quiescent disease from October 
through December 1995. Patients with active disease were excluded from 
the study. A total of 72 patients were randomized in a 2:1 ratio to receive 
influenza vaccine (49 patients) or serve as controls (23 patients). Disease ac- 
tivity was assessed at entry, 1 month postvaccination, and 3-4 months post- 
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vaccination. At each visit, the Birmingham vasculitis activity score (BVAS), 
visual analogue score (VAS), and ANCA titers were measured. The patients 
completed standardized questionnaires to record any adverse effects from 
influenza vaccination, and both groups reported comparable events. One 
vaccinated and one unvaccinated patient developed active disease within 
1 month of follow-up; no vaccinated and two unvaccinated patients devel- 
oped active disease within 4 months of follow-up. The ANCA titers, fourfold 
increase in ANCA titers, and VAS did not differ among the vaccinated and 
control groups during the 4 months of follow-up. The authors concluded 
that influenza vaccination does not increase the occurrence of disease relapse 
in Wegener’s granulomatosis patients with quiescent disease; however, they 
noted the study was underpowered to adequately detect this effect. 


Weight of Epidemiologic Evidence 


Two studies are considered in the epidemiologic evidence. One is a 
larger observational study of consecutive AAV patients with 1 year of 
follow-up. The results show a negative association with moderate precision; 
however, the exposure was not randomly allocated and the analysis did not 
adjust for potential confounders. The second study is a smaller RCT with 
3-4 months of follow-up (Wegener’s patients randomized to vaccine or no 
vaccine). The pre- and postvaccination disease scores are the same or lower 
in the vaccine group, but the study may be underpowered to adequately 
assess this outcome. See Table 6-12 for a summary of the studies that con- 
tributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision, to 
assess an association between influenza vaccine and exacerbation 
of vasculitis. 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and onset of vasculitis. 


Mechanistic Evidence 


The committee identified 48 publications reporting or studying onset 
or exacerbation of vasculitis after administration of an influenza vaccine. 
Holvast et al. (2010) did not report differences in cell-mediated immune 
responses between Wegener’s granulomatosis patients undergoing treatment 
with immunosuppressants, those not undergoing treatment with immuno- 
suppressants, and healthy controls. Three publications did not provide 
clinical, diagnostic, or experimental evidence, including the time frame 
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between vaccination and development of symptoms (Gburek and Gozdzik, 
2002; Gerth, 1992; Spaetgens et al., 2009). Forty-three publications did 
not provide evidence beyond temporality, some too long or too short based 
on the possible mechanisms involved (Bedard and Gascon, 1999; Begier 
et al., 2004; Bellut et al., 2001; Birck et al., 2009; Blumberg et al., 1980; 
Cannata et al., 1981; Famularo et al., 2006; Finsterer et al., 2001; Garcia 
Robledo et al., 2010; Gavaghan and Webber, 1993; Ghose et al., 1976; 
Guillevin and Levy, 1983; Herron et al., 1979; Houston, 1983; Hu et al., 
2009; Hyla-Klekot et al., 2005; Iyngkaran et al., 2003; Jover-Saenz et al., 
2008; Kasper et al., 2004; Kelsall et al., 1997; Liozon et al., 2000; Lohse 
et al., 1999; Mader et al., 1993; Molina et al., 1990; Mormile et al., 2004; 
Patel et al., 1988; Perez et al., 2000; Pou et al., 2008; Reizis et al., 1987; 
Ritter et al., 2003; Shuster, 2006; Tavadia et al., 2003; Uji et al., 2005; Ulm 
et al., 2006; Vaglio et al., 2009; Verschuren and Blockmans, 1998; Vial 
et al., 1990; Wada et al., 2008; Walker et al., 2004; Watanabe and Onda, 
2001; Wattiaux et al., 1988; Wharton and Pietroni, 1974; Yanai-Berar 
et al., 2002). Long latencies between vaccine administration and develop- 
ment of symptoms make it impossible to rule out other possible causes. 
One publication also reported the concomitant administration of vaccines, 
making it difficult to determine which, if any, vaccine could have been the 
precipitating event (Houston, 1983). Furthermore, four publications re- 
ported concomitant infections, making it difficult to determine which could 
have been the precipitating event (Finsterer et al., 2001; Liozon et al., 2000; 
Verschuren and Blockmans, 1998; Wada et al., 2008). These publications 
did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Two VAERS reports, identified in Vellozzi et al. (2009), describing the 
development of vasculitis after administration of influenza vaccines were 
obtained via a FOIA request (FDA, 2010). One patient reported the devel- 
opment of vasculitis 8 days after administration of influenza vaccines on 
two occasions. One patient reported the development of leukocytoclastic 
vasculitis on the day of vaccination on two occasions. These reports poten- 
tially represent cases of rechallenge. Evidence of causality beyond a tempo- 
ral relationship between administration of the vaccines and development of 
transient blindness was not provided. The influenza vaccine changes yearly, 
but generally includes some strains from the previous year. 


Weight of Mechanistic Evidence 


The publication described above did not provide evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
vasculitis. The symptoms described in the publications referenced above are 
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consistent with those leading to a diagnosis of vasculitis, but the only evi- 
dence that could be attributed to the vaccine was recurrence of symptoms 
upon vaccine rechallenge. Autoantibodies, T cells, complement activation, 
and immune complexes may contribute to the symptoms of vasculitis; how- 
ever, the publications did not provide evidence linking these mechanisms 
to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and exacerbation of vasculitis 
as weak based on two cases. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between influenza vaccine and onset of vasculitis as lacking. 


Causality Conclusion 


Conclusion 6.20: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and vasculitis. 


POLYARTERITIS NODOSA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of polyarteritis nodosa (PAN) after the administration of influ- 
enza vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and PAN. 


Mechanistic Evidence 


The committee identified one publication reporting the development of 
PAN after administration of an influenza vaccine. The publication did not 
provide evidence beyond temporality and therefore did not contribute to 
the weight of mechanistic evidence (Wharton and Pietroni, 1974). 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of PAN. Autoantibodies, T cells, 
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complement activation, and immune complexes may contribute to the 
symptoms of PAN; however, the publication did not provide evidence link- 
ing these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and PAN as lacking. 


Causality Conclusion 


Conclusion 6.21: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and PAN. 


ONSET OR EXACERBATION OF ARTHROPATHY 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of onset or 
exacerbation of arthropathy after the administration of influenza vaccine. 
These two studies (Chalmers et al., 1994; Harrison et al., 1997) had very 
serious methodological limitations that precluded their inclusion in this 
assessment. The study by Chalmers et al. (1994) assessed the association 
between influenza vaccine and disease flare-ups in RA patients, but the 
authors did not use a clear measure for the outcome of interest, and the 
results were difficult to compare across groups. Harrison et al. (1997) 
conducted a case-control study in patients with inflammatory polyarthritis, 
but the methods for selecting controls were not well described, and dif- 
ferential assessment of the cases could have led to biased ascertainment of 
the exposure. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and onset or exacerbation 
of arthropathy. 


Mechanistic Evidence 


The committee identified 12 publications either reporting or studying 
the onset or exacerbation of arthropathy after administration of an influ- 
enza vaccine. Three publications did not report exacerbation of rheumatoid 
arthritis after administration of an influenza vaccine to patients receiving 
treatment (Elkayam et al., 2010; Salemi et al., 2010; Van Assen et al., 
2010). Eight publications did not provide evidence beyond temporality 
between vaccine administration and the development or exacerbation of 
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arthropathies (Asakawa et al., 2005; Biasi et al., 1994; Brown et al., 1994; 
Harrison et al., 1997; Kato et al., 2006; Malleson et al., 1993; Pou et al., 
2008; Yoo, 2010). In addition, Pou et al. (2008) reported the concomitant 
administration of vaccines, making it difficult to determine which, if any, 
vaccine could have been the precipitating event. Furthermore, Brown et al. 
(1994) reported the development of a flu-like illness in the same time frame, 
making it difficult to determine the precipitating event. These publications 
did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Thurairajan et al. (1997) reported a 78-year-old man, with a history of 
chronic obstructive airway disease and ischemic heart disease, presenting 
with malaise, swollen joints, stiffness of the hands, ankles, and knees, and 
pyrexia leading to a diagnosis of polyarthropathy 2 hours after receiving an 
inactivated influenza vaccine. The symptoms spontaneously resolved within 
1 week. One year prior the patient developed similar symptoms 2 hours 
after administration of an influenza vaccine with spontaneous resolution of 
symptoms within 1 day. 


Weight of Mechanistic Evidence 


Arthralgia is commonly observed during infection with influenza 
(Treanor, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

The publication described above did not present clinical evidence suffi- 
cient for the committee to conclude the vaccine may be a contributing cause 
of arthropathy after vaccination against influenza. The symptoms described 
in the publications referenced above are consistent with those leading to a 
diagnosis of arthropathy, but the only evidence that could be attributed to 
the vaccine was recurrence of symptoms upon vaccine rechallenge. Autoan- 
tibodies, T cells, complement activation, immune complexes, and infection 
may contribute to the symptoms of arthropathy; however, the publications 
did not provide evidence linking these mechanisms to the vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and onset or exacerbation of 
arthropathy as weak based on one case and knowledge about the 
natural infection. 


Causality Conclusion 


Conclusion 6.22: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and onset or exacer- 
bation of arthropathy. 
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Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of stroke after 
the administration of influenza vaccine. This one controlled study (Smeeth 
et al., 2004) contributed to the weight of epidemiologic evidence and is 
described below. 

The study by Smeeth et al. (2004) was described in detail in the sec- 
tion on influenza vaccine and myocardial infarction. This self-controlled 
case-series study included patients who were enrolled in the GPRD for at 
least 1 year and had a stroke diagnosis at least 6 months after enrollment; 
patients were excluded if vascular events listed in their medical records 
appeared to be recorded retrospectively. A total of 19,063 patients with a 
validated date of a first stroke and influenza vaccination were included in 
the analysis. Age-adjusted incidence ratios (IRs) were calculated for a first 
stroke occurring within 1-3 days (IR, 0.77; 95% CI, 0.61-0.96), 4-7 days 
(IR, 0.72; 95% CI, 0.59-0.88), 8-14 days (IR, 0.84; 95% CI, 0.73-0.96), 
15-28 days (IR 0.88; 95% CI, 0.80-0.97), and 29-91 days (IR, 1.01; 95% 
CI, 0.96—1.06) following vaccination. The authors concluded that influenza 
vaccination is not associated with an increased risk of stroke. 


Weight of Epidemiologic Evidence 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on a single study with sufficient validity 
and precision to assess an association between influenza vaccine 
and stroke; this study reports a decreased risk within 1 month fol- 
lowing vaccination. 


Mechanistic Evidence 


The committee identified one publication reporting ischemic stroke af- 
ter administration of an influenza vaccine. The publication did not provide 
evidence beyond temporality and therefore did not contribute to the weight 
of mechanistic evidence (Vainer-Mossel et al., 2009). 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of ischemic stroke. Alterations in 
the coagulation cascade may contribute to the symptoms of ischemic stroke; 
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however, the publication did not provide evidence linking this mechanism 
to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between inactivated influenza vaccine and ischemic stroke 
as lacking. 


Causality Conclusion 


Conclusion 6.23: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and stroke.? 


MYOCARDIAL INFARCTION 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of myocardial 
infarction after the administration of influenza vaccine. This one controlled 
study (Smeeth et al., 2004) contributed to the weight of epidemiologic evi- 
dence and is described below. 

Smeeth et al. (2004) conducted a self-controlled case-series study in 
patients (2 18 years of age) enrolled in the GPRD from 1987 through 
2001. Eligible patients were enrolled in the GPRD for at least 1 year and 
had a myocardial infarction at least 6 months after enrollment; patients 
were excluded if vascular events listed in their medical records appeared 
to be recorded retrospectively. Vaccination histories were obtained from 
the GPRD, and participants were classified as vaccinated if they received 
an influenza vaccine from September through March of a given influenza 
season. The risk period included the 1-91 days following vaccination 
and was subdivided into five smaller periods (1-3 days, 4—7 days, 8-14 
days, 15-28 days, and 29-91 days after vaccination). The control period 
consisted of all other time outside the risk period not including the time 
before a participant's first influenza vaccination, since influenza vaccine is 
indicated for patients with preexisting cardiovascular disease. Participants 
who received multiple influenza vaccinations during the study period were 
followed for 91 days after each exposure. A total of 20,486 patients with 





?[n order for the evidence to favor rejection of a causal relationship, the committee's frame- 
work requires two or more epidemiologic studies with negligible limitations (indicating a 
null association or decreased risk) to reach a high degree of confidence in the epidemiologic 
evidence. Only one epidemiologic study with negligible methodological limitations that reports 
a decreased risk is included in the weight of evidence for this causality conclusion. 
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a validated date of a first myocardial infarction and influenza vaccination 
were included in the analysis. Age-adjusted incidence ratios were calculated 
for a first myocardial infarction occurring within 1-3 days (IR, 0.75; 95% 
CI, 0.60-0.94), 4-7 days (IR, 0.68; 95% CI, 0.56-0.84), 8-14 days (IR, 
0.73; 95% CI, 0.63-0.85), 15-28 days (IR 0.87; 95% CI, 0.79-0.96), and 
29-91 days (IR, 1.03; 95% CI, 0.98-1.08) following vaccination. The 
authors concluded that influenza vaccination is not associated with an 
increased risk of a first myocardial infarction. 


Weight of Epidemiologic Evidence 


The committee has a moderate degree of confidence in the epidemi- 
ologic evidence based on a single study with sufficient validity and 
precision to assess an association between influenza vaccine and 
myocardial infarction; this study reports a decreased risk within 1 
month following vaccination. 


Mechanistic Evidence 


The committee identified one publication reporting myocardial infarc- 
tion after administration of an influenza vaccine. The publication did not 
provide evidence beyond temporality and therefore did not contribute to 
the weight of mechanistic evidence (Ritter et al., 2003). 


Weight of Mechanistic Evidence 


While rare, influenza infection has been associated with myocardial 
infarction (Treanor, 2010). The committee considers the effects of natural 
infection one type of mechanistic evidence. 

The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of myocardial infarction. Viral 
infection and alterations in the coagulation cascade may contribute to the 
symptoms of myocardial infarction; however, the publication did not pro- 
vide evidence linking these mechanisms to influenza vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between LAIV and myocardial infarctions as weak based 
on knowledge about the natural infection. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between inactivated influenza vaccine and myocardial 
infarction as lacking. 
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Causality Conclusion 


Conclusion 6.24: The evidence is inadequate to accept or reject 
a causal relationship between influenza vaccine and myocardial 
infarction.* 


FIBROMYALGIA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of fibromyalgia after the administration of influenza vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between influenza vaccine and fibromyalgia. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of fibromyalgia after administration of an influ- 
enza vaccine. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between influenza vaccine and fibromyalgia as lacking. 


Causality Conclusion 


Conclusion 6.25: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and fibromyalgia. 





^In order for the evidence to favor rejection of a causal relationship, the committee’s frame- 
work requires two or more epidemiologic studies with negligible limitations (indicating a 
null association or decreased risk) to reach a high degree of confidence in the epidemiologic 
evidence. Only one epidemiologic study with negligible methodological limitations that reports 
a decreased risk is included in the weight of evidence for this causality conclusion. 
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ALL-CAUSE MORTALITY 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of all-cause 
mortality following the administration of influenza vaccine. This one con- 
trolled study (Kokia et al., 2007) contributed to the weight of epidemiologic 
evidence and is described below. 

Kokia et al. (2007) conducted a retrospective cohort study in adults (55 
years of age and older) enrolled in the Maccabi Healthcare Services HMO 
in Israel during the 2006-2007 influenza season. The influenza vaccination 
date was obtained from computerized physician and nurse treatment files; 
3,064 cases were excluded because the exact date of vaccine administra- 
tion could not be determined from the files. The outcome was defined as 
death due to any cause. The National Insurance Institute provided the date 
of death, which was included in the HMO membership files. One case was 
excluded because of a reporting error that listed the date of death before the 
vaccination date. The vaccinated group included patients who received an 
influenza vaccine during October 2006. The nonvaccinated group included 
patients who did not receive an influenza vaccine during October 2006 
(some of whom were vaccinated later in the 2006-2007 influenza season). 
Follow-up began after the index date (date of vaccination for exposed and 
October 1 for unexposed) and ended after 14 days. A total of 259,781 
patients were included in the survival analysis; 31,043 were vaccinated and 
228,738 did not receive influenza vaccine in October 2006. The hazard 
ratio model was adjusted for factors associated with higher mortality risk 
(age, history of diabetes or cardiovascular disease, and homebound status). 
The adjusted hazard ratio for all-cause mortality within 14 days of admin- 
istration of influenza vaccine was 0.33 (9596 CI, 0.18-0.61). The authors 
concluded that influenza vaccination is not associated with an increased risk 
of death in the short term. 


Weight of Epidemiologic Evidence 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on a single study witb sufficient validity 
and precision to assess an association between influenza vaccine 
and all-cause mortality; this study reports a decreased risk. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of all-cause mortality after administration of an 
influenza vaccine. 
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Weight of Mechanistic Evidence 


Infection with wild-type influenza viruses is associated with excess mor- 
tality (Treanor, 2010). Increases in all-cause excess mortality are observed 
during epidemics of influenza (Treanor, 2010). 


The committee assesses the mechanistic evidence regarding an as- 
sociation between LAIV and all-cause mortality as weak based on 
knowledge about the natural infection. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between inactivated influenza vaccine and all-cause mor- 
tality as lacking. 


Causality Conclusion 


Conclusion 6.26: The evidence is inadequate to accept or reject a 
causal relationship between influenza vaccine and all-cause mortality.’ 


OCULORESPIRATORY SYNDROME 


Epidemiologic Evidence 


The committee reviewed seven studies to evaluate the risk of oculo- 
respiratory syndrome (ORS) after the administration of influenza vaccine. 
Two studies (De Serres et al., 2003, 2005) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. One 
controlled study (Skowronski et al., 2006) had very serious methodologi- 
cal limitations that precluded its inclusion in this assessment. Skowronski 
et al. (2006) conducted a retrospective cohort study based on a household 
telephone survey that did not validate self-reported vaccination data, and 
the choice of household controls could have introduced selection bias. 

The four remaining controlled studies (De Serres et al., 2004; Hambidge 
et al., 2006; Scheifele et al., 2003; Skowronski et al., 2003a) contributed 
to the weight of epidemiologic evidence and are described below. Scheifele 
et al. (2003) and Skowronski et al. (2003a) conducted concurrent studies; 
patients who had not previously experienced ORS were enrolled in Scheifele 





*In order for the evidence to favor rejection of a causal relationship, the committee’s frame- 
work requires two or more epidemiologic studies with negligible limitations (indicating a 
null association or decreased risk) to reach a high degree of confidence in the epidemiologic 
evidence. Only one epidemiologic study with negligible methodological limitations that reports 
a decreased risk is included in the weight of evidence for this causality conclusion. 
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et al. (2003), and patients who had ORS following influenza vaccination 
during the 2000-2001 season were included in Skowronski et al. (2003a). 

Scheifele et al. (2003) conducted a randomized controlled crossover 
trial in adults (30-59 years of age) residing in provinces of Canada where 
Fluviral S/F influenza vaccine was exclusively supplied during the 2000- 
2001 influenza season. Patients were excluded if they experienced ORS 
symptoms after a previous influenza vaccination. The participants were 
randomly assigned to receive Fluviral S/F vaccine then placebo, or placebo 
then Fluviral S/F vaccine. The injections were given 5 to 7 days apart dur- 
ing September 2001. The nurse or pharmacist administering the injection 
and the patient were blinded to the treatment assignments. Patients were 
contacted by telephone 24 hours and 6 days after each injection, and a team 
member collected data on ORS symptoms (bilateral conjunctival redness, 
facial swelling, sore throat, hoarseness, difficulty swallowing, coughing, 
wheezing, difficulty breathing, and chest discomfort) and duration of ill- 
ness. Of the 622 doses of vaccine and 626 doses of placebo administered, 
620 and 624 patients completed the telephone interview, respectively. The 
vaccine-attributable risk of ORS symptoms within 24 hours of injection 
(with resolution of symptoms within 48 hours of onset) was 2.9 percent 
(95% CI, 0.6-5.2). The ORS symptoms observed in the study were mild 
and generally short lived. 

Skowronski et al. (2003a) conducted a randomized controlled cross- 
over trial in adults (> 19 years of age) enrolled from Quebec, Manitoba, 
Alberta, and British Columbia provinces of Canada. Patients were eligible 
if they had ORS following the administration of Fluviral S/F vaccine during 
the 2000-2001 influenza season. The participants were randomly assigned 
to receive Fluviral S/F vaccine then placebo, or placebo then Fluviral S/F 
vaccine. The injections were given 5 to 7 days apart during September 
2001. The nurse or pharmacist administering the injection and the pa- 
tient were blinded to the treatment assignments. Patients were contacted 
by telephone the evening of the injection day, and 24 hours and 6 days 
after each injection. A team member collected data on ORS symptoms 
(bilateral conjunctival redness, coughing, wheezing, chest discomfort, dif- 
ficulty breathing, difficulty swallowing, hoarseness, sore throat, and facial 
swelling) and duration of illness. The study was stopped early because the 
vaccine-attributable ORS recurrence rate exceeded 10 percent. A total of 
61 patients received a first injection and completed a follow-up interview 
when the study ended; 34 patients received vaccine and 27 patients re- 
ceived placebo. The vaccine-attributable risk of ORS symptoms within 24 
hours of injection with no time limit for resolution of symptoms was 33 
percent (95% CI, 10-53 percent), and with resolution of symptoms within 
48 hours of onset it was 27 percent (95% CI, 5-47 percent). Odds ratios 
were also calculated for the occurrence of ORS symptoms within 24 hours 
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of injection with no time limit for resolution of symptoms (OR, 4.0; 95% 
CI, 1.4-37.8) and with resolution of symptoms within 48 hours of onset 
(OR, 5.0; 95% CI, 1.1-30.0). Most ORS symptoms were considered mild 
and easily tolerated. 

De Serres et al. (2004) conducted a randomized controlled crossover 
trial in adults (> 18 years of age) enrolled from Vancouver, Quebec City, 
and the Montérégie area in Canada during the 2002-2003 influenza season. 
Patients were eligible if they had ORS after receiving the 2000-2001 influ- 
enza vaccine and were not revaccinated (group A), had ORS after receiv- 
ing the 2000-2001 influenza vaccine and were revaccinated in 2001-2002 
(group B), or had a first occurrence of ORS after receiving the 2001-2002 
influenza vaccine (group C). A total of 281 patients were eligible, of whom 
150 (53 percent) agreed to participate; 146 were included in the analysis 
(46 in group A, 50 in group B, and 50 in group C). The patients in each 
group were randomly assigned to receive Fluviral S/F vaccine then placebo, 
Vaxigrip vaccine then placebo, placebo then Fluviral S/F vaccine, or placebo 
then Vaxigrip vaccine. The two injections were given 7 days apart, and the 
immunizing nurse and patient were blinded to the content of the injections. 
Patients were contacted by telephone 24 hours and 7 days after each injec- 
tion, and a trained nurse collected data on ORS symptoms (bilateral red 
eyes, sore throat, difficulty swallowing, cough, breathing difficulty, chest 
tightness, wheezing, and facial or palpebral edema) and duration of illness. 
The vaccine-attributable risk of ORS symptoms in the first 24 hours of 
injection (with no time limit for resolution of symptoms) was 34 percent 
(95% CI, 21-47 percent) in patients receiving Fluviral S/F vaccine and 15 
percent (9596 CI, 2-28 percent) in patients receiving Vaxigrip vaccine. Only 
the association between ORS and Fluviral S/F vaccine remained statistically 
significant when the case definition was restricted to include at least one 
edema or ocular symptom and at least one respiratory symptom. After the 
2002-2003 influenza vaccination, the highest risk of ORS was observed in 
group À patients (41 percent) compared to patients in groups B and C (16 
percent and 18 percent, respectively). Overall, 86 percent of the patients 
described their ORS symptoms as mild. 

The study by Hambidge et al. (2006) was described in detail in the sec- 
tion on seizures. This case-crossover analysis examined the occurrence of 
adverse events after TIV administration in children enrolled in eight MCOs 
participating in the VSD from 1991 through 2003. The investigators looked 
for episodes of ORS symptoms (red eyes, respiratory symptoms, or facial 
swelling) during four risk periods (0-2 or 1-3 days, 1-14 days, 15-42 days, 
and 1-42 days) after influenza vaccination, but were limited to predefined 
codes in the MCO databases. The authors state that *no increased signal" 
of conjunctivitis (individual code or part of aggregate code for eye symp- 
toms) was observed in any cohort or medical setting after administration 
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of a U.S. influenza vaccine, but they do not provide data as to the actual 
number of cases of conjunctivitis in the risk windows or the control periods. 
The weakness of the study is that since ORS symptoms are mild, subjects 
may not have sought medical attention; thus, in the absence of the active 
surveillance conducted in the three Canadian studies above, no conclusions 
can be drawn about the incidence of ORS symptoms following this U.S. 
immunization program. 


Weight of Epidemiologic Evidence 


Of the four papers described above, three are well-designed randomized 
controlled crossover clinical studies. One randomized study (Scheifele et al., 
2003) examining ORS occurrence after Fluviral S/F vaccine compared to 
placebo showed significant evidence of an increased risk of ORS after in- 
fluenza vaccine. Two randomized trials (De Serres et al., 2004; Skowronski, 
et al., 2003a) examined the recurrence of ORS following repeat influenza 
vaccination in people who had experienced ORS following prior vaccina- 
tion in Canada, and showed highly significant increased risk of recurrence 
of ORS. Although De Serres et al. (2004) included Vaxigrip in their trial, 
the risk of ORS did not remain statistically significant when a more narrow 
case definition (ocular symptoms or edema plus respiratory symptoms) was 
employed. Scheifele, Skowronski, and De Serres indicated that the ORS 
symptoms were mild and easily resolved—an important consideration in 
weighing the risk versus the benefit of these influenza vaccines. One case- 
crossover study by Hambidge et al. (2006) did not observe an increased 
frequency of conjunctivitis symptoms following influenza vaccine in the 
United States. However, this study did not conduct active surveillance of 
ORS symptoms, relying instead on evidence from predefined diagnosis 
codes from medical records. Since ORS symptoms reported by other studies 
were mild, and often did not lead subjects to seek medical care, the study 
by Hambidge et al. (2006) only allows the conclusion that ORS symptoms 
severe or persistent enough to lead subjects to seek medical care did not oc- 
cur more frequently following influenza immunization. Thus, the evidence 
is limited to observations following the administration of two particular 
vaccines used in Canada in the first 3 years of the 21st century, and does 
not offer useful information as to the risk of ORS following influenza vac- 
cination in the United States. See Table 6-13 for a summary of the studies 
that contributed to the weight of epidemiologic evidence. 


The committee bas a moderate degree of confidence in the epi- 


demiologic evidence based on three studies with sufficient valid- 
ity and precision to assess an association between ORS and two 
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particular vaccines used in three particular years in Canada; these 
studies consistently report an increased risk. 


Mechanistic Evidence 


The committee identified eight publications of ORS postvaccination 
against influenza. Two publications did not provide evidence beyond tem- 
porality and therefore did not contribute to the weight of mechanistic 
evidence (Skowronski et al., 2003b,c). 

Described below are six publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

De Serres et al. (2004) performed a placebo controlled clinical trial in 
which patients were divided into three groups. In two groups patients devel- 
oped ORS postinfluenza vaccination in 2000-2001; one group was revac- 
cinated in 2001-2002 while the other was not. The third group consisted of 
patients that developed ORS, for the first time, postinfluenza vaccination in 
2001-2002. Each patient received the placebo and the 2002-2003 vaccine, 
either Fluviral S/F or Vaxigrip, 7 days apart. Fifty-two of the 146 patients 
participating in the study developed a recurrence of ORS symptoms after 
receiving the 2002-2003 vaccine. Of the patients who developed ORS 
symptoms after vaccination in 2000-2001, 12 patients experienced a recur- 
rence of symptoms after receiving the 2001-2002 vaccine, and 13 patients 
experienced a recurrence of symptoms after receiving the 2002-2003 vac- 
cine. ORS symptoms were more frequent in patients receiving Fluviral S/F 
than in those receiving Vaxigrip. 

De Serres et al. (2005) produced a report on the development of ORS 
postvaccination during four influenza seasons (2000-2003) using vaccine- 
associated adverse event data reported to public health units in Quebec, 
Canada. The Fluviral vaccine was the only influenza vaccine distributed in 
2000 and made up 99 percent of the doses administered in 2003. Fluviral 
and Vaxigrip were distributed in 2001 and 2002. The authors identified 
1,488 cases of ORS. Recurrent ORS symptoms were reported by 17, 43, 
and 11 patients in 2001, 2002, and 2003, respectively. Five patients devel- 
oped symptoms of ORS after each of three vaccinations while three patients 
developed symptoms after each of four vaccinations. 

Fredette et al. (2003) described six patients presenting with symptoms 
of ORS developing 1.5 to 12 hours postinfluenza vaccination. All of the 
patients reported red eyes, three reported a sensation of palpebral fullness, 
and three reported ocular pruritus. Five patients complained of ocular se- 
cretions and two reported photophobia and blurred vision. Four patients 
complained of a sore throat. Levels of total hemolytic complement (CH50) 
were at or lower than the low reference point for the normal range in 
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four patients. Likewise, C3 and C4 levels were at or lower than the low 
reference points for the normal ranges in four patients and three patients, 
respectively. 

Skowronski et al. (2002) conducted a survey of British Columbia resi- 
dents that reported an adverse event postinfluenza vaccination during the 
2000-2001 season. Of the survey participants, 398 developed ORS after 
vaccination during the 2000-2001 season. One hundred twenty-two par- 
ticipants that developed ORS during the 2000-2001 season were vaccinated 
against influenza during the 2001-2002 season; approximately 5 percent 
experienced a recurrence of symptoms. 

Skowronski et al. (2003a) conducted a randomized, double-blind, 
placebo-controlled trial to determine the risk of recurrence of ORS. Seventy- 
three participants, of whom 61 met the inclusion and exclusion criteria, 
were enrolled in the study when it was halted because the early stopping 
rule was exceeded. Forty-four percent of the 34 individuals who received the 
Fluviral S/F influenza vaccine experienced a recurrence of ORS symptoms. 

Skowronski et al. (2005) conducted a survey of children in British 
Columbia, Canada, to assess the development of adverse events post- 
influenza vaccination in 2000-2001. A total of 1,074 children were vac- 
cinated during the 2000-2001 influenza season. Of the 39 children who 
received two doses of influenza vaccine, 10 experienced ORS. The symp- 
toms were described as being worse or the same after the first dose com- 
pared to the second dose by 8 of the 10 children. 


Weight of Mechanistic Evidence 


The six publications described above, when considered together, pre- 
sented clinical evidence sufficient for the committee to conclude the vaccine 
may be a contributing cause of ORS after vaccination against influenza. 
Evidence from these publications include latency of < 24 hours between 
vaccination and the development of symptoms, complement activation, and 
importantly, recurrence of symptoms after vaccine rechallenge in six publi- 
cations. In addition, the activation of the complement cascade by influenza 
viruses directly through binding of its matrix (M1) protein (Zhang et al., 
2009) or through immune complex formation with preformed nonprotec- 
tive antibodies leading to tissue pathology has been reported (Monsalvo 
et al., 2011). 

The mechanistic evidence, described above, suggests that complement 
activation may be a mechanism for ORS after influenza vaccination. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between ORS and two particular vaccines used in three 
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particular years in Canada as intermediate based on experimental 
evidence and cases? presenting clinical evidence. 


Causality Conclusion 


Conclusion 6.27: The evidence favors acceptance of a causal re- 
lationship between ORS and two particular vaccines used in 3 
particular years in Canada. 


CONCLUDING SECTION 


Table 6-14 provides a summary of the epidemiologic assessments, 
mechanistic assessments, and causality conclusions for influenza vaccine. 





$Due to the use of the same sample population in some studies it is likely that some of the 
cases were presented in more than one publication; thus, it is difficult to determine the number 
of unique cases. 
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Hepatitis A Vaccine 


INTRODUCTION 


Hepatitis A virus (HAV) is a 27-nm spherical RNA virus that replicates 
in the liver of the infected individual (Fiore et al., 2008). HAV incubates 
for an average of 28 days, but this period can range from 15 to 50 days 
(CDC, 2006; Fiore et al., 2008). Prior to the onset of typical hepatitis 
symptoms such as darkening urine, pale stools, and jaundice, individuals 
may experience less specific symptoms including abdominal pain, anorexia, 
fatigue, fever, malaise, myalgia, nausea, or vomiting (Lemon, 1985; Tong 
et al., 1995). The illness lasts several weeks before the virus is eliminated 
from the body; recovery is virtually 100 percent (Fiore et al., 2008; Tong 
et al., 1995). 

The severity of illness with HAV infection is directly correlated to the 
age of the individual at the time of infection. Fifty to 90 percent of infec- 
tions in persons less than 5 years of age are asymptomatic, while 70-95 
percent of adults experience some symptoms (Fiore et al., 2008). Although 
11-22 percent of cases require hospitalization (CDC, 2006), serious or 
permanent complications from HAV infection are rare (Fiore et al., 2008). 
Atypical manifestations, which may occur in 7-11 percent of patients, 
include relapse, a prolonged cholestatic phase that occurs with itching 
and jaundice, and rash (Fiore et al., 2008; Tong et al., 1995). Itching and 
arthralgia are not uncommon during the prodromal phase before jaundice 
appears (Tong et al., 1995). A very rare occurrence is type I autoimmune 
chronic hepatitis (Tong et al., 1995). It is not known whether this is caused 
by hepatitis A infection, or whether the infection triggers a condition al- 
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ready present (Tong et al., 1995). This condition resolves with prednisone 
treatment (Tong et al., 1995). Very rarely fulminant hepatitis associated 
with coma and occasionally death may occur (Wasley et al., 2010). In 
most cases of hepatitis A infection, all symptoms and the infection resolve 
completely (Gordon et al., 1984; Tong et al., 1995). 

The fecal-oral route is the most common mode of transmission for 
hepatitis A. An individual with HAV is most infectious, with highest stool 
HAV concentrations, during the 2 weeks prior to appearance of jaundice 
(Fiore et al., 2008). Transmission from a person with active infection may 
occur through food preparation, household contact, and sexual contact 
(Fiore et al., 2008). Because children with HAV are frequently asymptom- 
atic, they may serve as reservoirs of disease in households and close-contact 
environments such as day care (Smith et al., 1997; Staes et al., 2000). HAV 
has been transmitted through blood transfusion; however, screening has 
greatly reduced this risk (Soucie et al., 1998). Finally, HAV is resistant to 
most organic solvents, detergents, and heat, and can survive in the environ- 
ment (Fiore et al., 2008; Murphy et al., 1993; Peterson et al., 1983). Asa 
result, HAV can be transmitted by food and water contamination, as well as 
through contact with infected soil and marine sediment (Fiore et al., 2008). 
Food and waterborne hepatitis is generally associated with contamination 
by HAV-infected workers, sewage contamination, and inadequate water 
treatment (Bergeisen et al., 1985; Bloch et al., 1990; Dalton et al., 1996; 
De Serres et al., 1999; Fiore, 2004). 

From 1980 through 1995, reports of hepatitis A to the Centers for 
Disease Control and Prevention (CDC) numbered between 22 and 36 thou- 
sand cases per year (CDC, 2006). Approximately 33 percent of reported 
cases were in children less than 15 years old (CDC, 2008), and outbreaks 
of hepatitis A were reported among injection and noninjection drug users 
and men who have sex with men (Cotter et al., 2003; Harkess et al., 1989; 
Hutin et al., 1999; Schade and Komorwska, 1988). 

Prior to the development and licensure of a vaccine, immune globulin, 
a sterile solution of antibodies collected and purified from a large group 
of donors, was used to prevent hepatitis A in those likely to be exposed 
or recently exposed to the virus (Fiore et al., 2008). In 1995-1996, in- 
activated vaccines for hepatitis A became available, and since 1999 the 
CDC has reported a significant decrease in HAV infection in the United 
States—markedly a 76 percent decrease in 2003 when compared to 1990- 
1997 (Wasley et al., 2005). Currently, three inactivated vaccines—Havrix 
(GlaxoSmithKline Biologicals), VAQTA (Merck & Co., Inc.), and Twinrix 
(GlaxoSmithKline)—are available in the United States. In these vaccines, 
the virus is grown in MRC-5 cell cultures and harvested by cell lysis (Fiore 
et al., 2008). From there, the virus is inactivated and purified through vari- 
ous methods before being packaged with (Havrix and Twinrix) or without 
(VAQTA) a preservative (Fiore et al., 2008). 
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Havrix and VAQTA are single-antigen vaccines and are available in two 
formulations for individuals between 12 months and 18 years of age, and 
those who are 18 years of age and older (Fiore et al., 2008). The child for- 
mulations of both vaccines are prepared with half the concentration of the 
adult dose (Fiore et al., 2008). Havrix and VAQTA are given on a two-dose 
schedule at least 6 months apart (Fiore et al., 2008). Twinrix is approved for 
adults and contains antigens for HAV and hepatitis B virus (HBV). Twinrix 
is given on the same schedule commonly used for single-antigen HBV vac- 
cine and includes three doses of the vaccine given at 0, 1, and 6 months after 
the initial inoculation (CDC, 2006). By 2009 46.6 percent of children aged 
19 to 35 months were vaccinated against HAV (CDC, 2010). 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of acute disseminated encephalomyelitis (ADEM) after the 
administration of hepatitis A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and ADEM. 


Mechanistic Evidence 


The committee identified two publications reporting the development 
of ADEM after administration of hepatitis A vaccine. The publications did 
not provide evidence beyond temporality, one too short based on the pos- 
sible mechanisms involved (Huber et al., 1999; Rogalewski et al., 2007). 
Rogalewski et al. (2007) reported the concomitant administration of vac- 
cines, making it difficult to determine which, if any, vaccine could have been 
the precipitating event. In addition, the patient described in Huber et al. 
(1999) had a concomitant Campylobacter jejuni infection. The publications 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, hepatitis A infection has been associated with the develop- 
ment of ADEM (Yiu and Kornberg, 2010). The committee considers the 
effects of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of ADEM. Autoantibodies, T cells, 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


424 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


and molecular mimicry may contribute to the symptoms of ADEM; how- 
ever, the publications did not provide evidence linking these mechanisms 
to hepatitis A vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis A vaccine and ADEM as weak based 
on knowledge about the natural infection. 


Causality Conclusion 


Conclusion 7.1: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of transverse myelitis after the administration of hepatitis A 
vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of transverse myelitis after the administration of 
hepatitis A vaccine. 


Weight of Mechanistic Evidence 


While rare, hepatitis A infection has been associated with the develop- 
ment of transverse myelitis (Wasley et al., 2010). The committee considers 
the effects of natural infection one type of mechanistic evidence. 

Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of transverse myelitis; however, the committee did not identify 
literature reporting evidence of these mechanisms after administration of 
hepatitis A vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between hepatitis A vaccine and transverse myelitis as 
weak based on knowledge about the natural infection. 
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Causality Conclusion 


Conclusion 7.2: The evidence is inadequate to accept or reject 
a causal relationship between hepatitis A vaccine and transverse 
myelitis. 


MULTIPLE SCLEROSIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of multiple sclerosis (MS) after the administration of hepatitis 
A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and MS. 


Mechanistic Evidence 


The committee identified one publication reporting symptoms of MS 
after administration of hepatitis A vaccine. Rogalewski et al. (2007) did 
not provide evidence beyond a temporal relationship between vaccination 
against hepatitis B, diphtheria and tetanus toxoids, poliovirus, and hepatitis 
A and development of symptoms. The concomitant administration of vac- 
cines make it difficult to determine which vaccine, if any, could have been 
the precipitating event. The publication did not contribute to the weight of 
mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described above are consistent with those leading to a 
diagnosis of MS. Autoantibodies, T cells, and molecular mimicry may con- 
tribute to the symptoms of MS; however, the publication did not provide 
evidence linking these mechanisms to hepatitis A vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis A vaccines and MS as lacking. 


Causality Conclusion 


Conclusion 7.3: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and MS. 
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GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of Guillain-Barré syndrome (GBS) after the administration of 
hepatitis A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and GBS. 


Mechanistic Evidence 


The committee identified four publications reporting the development 
of GBS after the administration of hepatitis A vaccine. The publications 
did not provide evidence beyond temporality, some too short based on the 
possible mechanisms involved (Blumenthal et al., 2004; Huber et al., 1999; 
Pritchard et al., 2002; Uriondo San Juan et al., 2004). One publication also 
reported the concomitant administration of vaccines, making it difficult to 
determine which, if any, vaccine could have been the precipitating event 
(Uriondo San Juan et al., 2004). In addition, the patient described in Hu- 
ber et al. (1999) had a concomitant Campylobacter jejuni infection. These 
publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


While rare, hepatitis A infection has been associated with the develop- 
ment of GBS (Wasley et al., 2010). The committee considers the effects of 
natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of GBS. Autoantibodies, comple- 
ment activation, immune complexes, T cells, and molecular mimicry may 
contribute to the symptoms of GBS; however, the publications did not 
provide evidence linking these mechanisms to hepatitis A vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis A vaccine and GBS as weak based on 
knowledge about the natural infection. 


Causality Conclusion 


Conclusion 7.4: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and GBS. 
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CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of hepatitis A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and CIDP. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of CIDP after the administration of hepatitis A 
vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to 
the symptoms of CIDP; however, the committee did not identify literature 
reporting evidence of these mechanisms after administration of hepatitis A 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis A vaccine and CIDP as lacking. 


Causality Conclusion 


Conclusion 7.5: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and CIDP. 


BELL’S PALSY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of Bell’s palsy after the administration of hepatitis A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and Bell’s palsy. 
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Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of Bell’s palsy after the administration of hepatitis 
A vaccine. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis A vaccine and Bell’s palsy as lacking. 


Causality Conclusion 


Conclusion 7.6: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and Bell’s palsy. 


ANAPHYLAXIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of anaphylaxis after the administration of hepatitis A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified two publications identifying the development 
of anaphylaxis posthepatitis A vaccination (Bohlke et al., 2003; Peng and 
Jick, 2004). Bohlke et al. (2003) used records from participants in the 
Vaccine Safety Datalink to study the development of anaphylaxis postvac- 
cination. The authors did not observe a single case of anaphylaxis postvac- 
cination out of 23,185 doses of hepatitis A vaccine administered. Peng and 
Jick (2004) used computer records from general practitioners in the United 
Kingdom to study the incidence, cause, and severity of anaphylaxis. The 
authors reviewed 120 cases, out of 897, in detail. One report of anaphylaxis 
developing after vaccination against hepatitis A was identified. 
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Weight of Mechanistic Evidence 


The publications described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
anaphylaxis after the administration of hepatitis A vaccine. A temporal 
relationship was established between the administration of a hepatitis A 
vaccine and the development of anaphylaxis in one case; however, clinical 
details were not presented. Also, while it was presumed the patient had 
experienced an IgE-mediated reaction, no data were reported to establish 
the mechanism of action. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between hepatitis A vaccine and anaphylaxis as weak based 
on one case presenting temporality consistent with anaphylaxis. 


Causality Conclusion 


Conclusion 7.7: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and anaphylaxis. 


AUTOIMMUNE HEPATITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of autoimmune hepatitis after the administration of hepatitis 
A vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis A vaccine and autoimmune hepatitis. 


Mechanistic Evidence 


The committee identified two publications reporting the development 
of autoimmune hepatitis after the administration of hepatitis A vaccine. 
The publications did not provide evidence beyond temporality, one too 
short based on the possible mechanisms involved (Berry and Smith-Laing, 
2007; Veerappan et al., 2005). One publication reported the concomitant 
administration of vaccines making it difficult to determine which, if any, 
vaccine could have been the precipitating event (Veerappan et al., 2005). In 
addition, the patient described by Berry and Smith-Laing (2007) presented 
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with acute hepatitis 5 months before vaccination. The publications did not 
contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


Active autoimmune hepatitis is a recognized complication of infection 
with hepatitis A (Wasley et al., 2010). The committee considers the effects 
of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of autoimmune hepatitis. Autoanti- 
bodies, T cells, and complement activation may contribute to the symptoms 
of autoimmune hepatitis; however, the publications did not provide evi- 
dence linking these mechanisms to hepatitis A vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis A vaccine and autoimmune hepatitis as 
weak based on knowledge about the natural infection. 


Causality Conclusion 


Conclusion 7.8: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis A vaccine and autoimmune 
hepatitis. 


CONCLUDING SECTION 


Table 7-1 provides a summary of the epidemiologic assessments, mech- 
anistic assessments, and causality conclusions for hepatitis A vaccine. 
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Hepatitis B Vaccine 


INTRODUCTION 


Hepatitis B virus (HBV) is a 42-nm spherical particle that replicates 
primarily in the liver of infected individuals (Mast and Ward, 2008). In 
infected persons, the virus can be found in most bodily fluids, with the high- 
est infectious concentration in the serum and with transmittable levels also 
found in semen and saliva (Alter et al., 1977; Bancroft et al., 1977; CDC, 
2006; Scott et al., 1980). The virus is very hardy and can live on surfaces 
for more than 7 days (CDC, 2006). Among adults, the primary modes of 
transmission are sexual intercourse with persons with chronic lifelong infec- 
tion (carriers) and percutaneous exposure to the virus due to intravenous 
drug usage or occupational exposures to needles and other sharp objects 
(CDC, 2006). In the United States, exposure in children 5 years old and 
under is generally limited (Shapiro, 1993). Infection is associated with peri- 
natal exposure to maternal blood or exposure to infected blood or saliva 
within the immediate environment (Shapiro, 1993). 

HBV-infected individuals are often asymptomatic. Clinical symptoms 
of acute HBV infection are more likely in older individuals than in younger 
individuals (McMahon et al., 1985). When manifested, symptoms may 
include fever, fatigue, nausea, vomiting, and abdominal pain before pro- 
gressing to clay-colored stools, dark urine, and jaundice indicating in- 
creased liver involvement and cholestasis—the accumulation of bile in the 
liver (CDC, 2006; Mast and Ward, 2008). Extrahepatic manifestations of 
hepatitis B can include arthritis, urticaria, vasculitis, and glomerulonephritis 
(Mast and Ward, 2008). Symptomatic infection generally presents within 
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the first 6 months of exposure averaging 90 days from exposure to jaun- 
dice and 60 days to abnormal serum alanine aminotransferase (ALT) levels 
indicating liver injury (Krugman et al., 1979). 

Approximately 95 percent of all hepatitis B infections among other- 
wise healthy adults resolve without sequelae, and the recovered individual 
possesses lifelong immunity to HBV infection (CDC, 2006). In the other 5 
percent, chronic infection develops (CDC, 2006). Chronic HBV infection 
may lead to liver cirrhosis, liver failure, hepatocellular carcinoma, or death 
(Mast and Ward, 2008). These outcomes are thought to be the result of 
the constant activity of the immune system and not a direct consequence 
of damage caused by the virus itself (Ganem and Prince, 2004). The likeli- 
hood of chronic hepatitis B disease is inversely related to the age of the 
individual at the time of HBV infection (Beasley et al., 1983; Edmunds 
et al., 1993). Among infants perinatally infected with HBV, 80-90 percent 
develop chronic disease; among children infected postnatally through 5 
years of age, 30 percent; and among adults, fewer than 5 percent (Hyams, 
1995). The risk of chronic disease may be higher in the immunocompro- 
mised and diabetics dependent on finger-stick monitoring devices (CDC, 
2006; Polish et al., 1992). 

HBV transmission through blood and blood products was first evi- 
denced in 1883 after an outbreak of hepatitis among shipyard workers 
following smallpox vaccination in Bremen, Germany (Mast and Ward, 
2008). In 1965, Blumberg and Alter (Blumberg and Alter, 1965) discovered 
the Australia antigen (Au), which was later determined to be hepatitis B 
surface antigen (HBsAg) (Prince, 1968). Research performed in the early 
1970s showed that HBV could be heat-inactivated and that inoculation 
with inactivated serum provided resistance to or modification of the virus 
(Krugman, 1974; Krugman and Giles, 1973). 

In the early 1980s, several groups developed preliminary HBV vaccines 
(Coutinho et al., 1983; McLean et al., 1983; Purcell and Gerin, 1975). The 
vaccines consisted of inactivated, alum-adsorbed, 22-nm HBsAg particles 
recovered and purified from individuals with chronic hepatitis B infection 
(Coutinho et al., 1983; McLean et al., 1983; Purcell and Gerin, 1975). 
With the development of DNA recombinant technologies and the ability to 
obtain HBsAg from other sources such as Saccharomyces cerevisiae (baker's 
yeast), DNA recombinant vaccines replaced plasma-derived vaccines in the 
United States (Mast and Ward, 2008). In 1991, the Centers for Disease 
Control and Prevention (CDC) and the American Academy of Pediatrics 
recommended HBV vaccination for all infants and adults (CDC, 1991). 

Currently, hepatitis B vaccines are available in single- and multiantigen 
formulations (CDC, 2005). The two single-antigen vaccines are Recom- 
bivax HB (Merck & Co., Inc.) and Engerix-B (GlaxoSmithKline Biologi- 
cals) (CDC, 2005). Of the three licensed combination vaccines, Comvax 
(Merck) and Pediarix (GlaxoSmithKline) are used for infant and child 
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vaccination, while Twinrix (GlaxoSmithKline) is used for adult vaccina- 
tion (CDC, 2005). Comvax is a bivalent vaccine designed to prevent Hae- 
mophilus influenzae type B infection in addition to hepatitis B and contains 
Haemophilus influenzae type B capsular polysaccharide polyribosylribitol 
phosphate affixed to Neisseria meningitides outer-membrane protein com- 
plex and HBsAg from recombinant yeast cultures (CDC, 2005). Pediarix 
contains recombinant HBsAg, diphtheria and tetanus toxoids and acel- 
lular pertussis adsorbed (DTaP), and inactivated poliovirus (CDC, 2005). 
Twinrix is designed to prevent hepatitis A and B, and contains recombinant 
HBsAg and inactivated hepatitis A virus (CDC, 2005). 

The Advisory Committee on Immunization Practices, the American 
Academy of Pediatrics, and the American Academy of Family Physicians 
recommend the HBV vaccine in a series of three doses: at birth, between 1 
and 2 months, and between 6 and 18 months (CDC, 1991; Mast and Ward, 
2008). In unvaccinated adolescents and adults, the CDC recommends three 
doses of the vaccine with the first and second dose 1 month apart and the 
third dose 6 months after the initial dose (CDC, 1991). The three-dose series 
results in protective concentrations of HBsAg antibodies in more than 95 
percent of healthy infants, children, and adolescents and in greater than 
90 percent of healthy adults aged up to 40 years (Mast and Ward, 2008). 
In adults older than 40 years, immunogenicity drops below 90 percent 
(Mast and Ward, 2008). The hepatitis B vaccine has a preexposure efficacy 
of 80-100 percent, and if given in conjunction with hepatitis B immune 
globulin, the vaccine is 85-95 percent effective in preventing chronic infec- 
tion post-HBV exposure (Mast and Ward, 2008). Following vaccination, 
HBV immunity appears to be lifelong, and booster doses of the vaccine are 
not routinely recommended (Mast and Ward, 2008). In 2009, 92 percent of 
U.S. children aged 19-35 months completed all three recommended doses 
of hepatitis B vaccine (CDC, 2010). 


ENCEPHALITIS AND ENCEPHALOPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of encephalitis or encephalopathy after the administration of 
hepatitis B vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess 
an association between hepatitis B vaccine and encephalitis or 
encephalopathy. 
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Mechanistic Evidence 


The committee identified three publications reporting encephalitis or 
encephalopathy after administration of a hepatitis B vaccine. The publica- 
tions did not provide evidence beyond temporality (Deisenhammer et al., 
1994; Manna et al., 1996; Yang et al., 2006). The publications did not 
contribute to the weight of mechanistic of evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and encephalitis or encepha- 
lopathy as lacking. 


Causality Conclusion 


Conclusion 8.1: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and encephalitis. 


Conclusion 8.2: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and encephalopathy. 


SEIZURES 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of seizures 
after the administration of hepatitis B vaccine. Two studies (Dobson et al., 
1995; Niu et al., 1996) were not considered in the weight of epidemiologic 
evidence because they provided data from passive surveillance systems and 
lacked unvaccinated comparison populations. One controlled study (Zipp 
et al., 1999) had very serious methodological limitations that precluded its 
inclusion in this assessment. The study by Zipp et al. (1999) was a letter 
to the editor judged by the committee to have insufficient methodological 
detail. 

The one remaining controlled study (Lewis et al., 2001) contributed to 
the weight of epidemiologic evidence and is described below. 

Lewis et al. (2001) conducted a cohort study in children enrolled in the 
San Francisco Medical Center of Northern California Kaiser Permanente. 
Patients born from November 1991 through April 1994 were included in 
the study; premature and low-birth-weight infants, and infants with diagno- 
ses (e.g., sepsis, congenital infection, hematologic disorder, cardiac disease, 
neurologic disease, and lung disease) that made vaccination less likely in the 
opinion of the authors were excluded. A total of 5,655 patients met the in- 
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clusion criteria and were included in the analysis. Computerized databases 
provided information on hepatitis B vaccinations and hospital, outpatient, 
or emergency department visits for seizures. An event was considered a 
seizure if one of the following diagnoses were listed in the medical record: 
seizure or infantile spasm, seizure, seizure in newborn, and epilepsy. In the 
primary analysis, patients who received hepatitis B vaccine within 21 days 
of birth were classified as vaccinated (3,302 cases). In the secondary analy- 
sis, patients who received hepatitis B vaccine on the day of birth or the day 
after birth were classified as vaccinated (2,718 cases). The study did not 
specify the timing from vaccination to seizure. The relative risk of seizure 
following administration of hepatitis B within 21 days of birth was 0.18 
(95% CI, 0.02-1.6) and following administration of hepatitis B on the day 
of birth or day after birth was 0.22 (95% CI, 0.02-2.19). The authors con- 
cluded that hepatitis B vaccination does not increase the risk of seizure in 
children, but noted the analysis had limited power to assess this association. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence based on one study that lacked validity and precision to 
assess an association between hepatitis B vaccine and seizures. 


Mechanistic Evidence 


The committee identified six publications reporting seizures after ad- 
ministration of a hepatitis B vaccine. The publications did not provide 
evidence beyond temporality, some too long or too short based on the pos- 
sible mechanisms involved (Battaglia and Valiani, 1992; de Carvalho and 
Shoenfeld, 2008; Hartman, 1990; Kaygusuz et al., 2002; Planchamp et al., 
2009; Yang et al., 2006). In addition, Planchamp et al. (2009) reported the 
concomitant administration of vaccines, making it difficult to determine 
which, if any, vaccine could have been the precipitating event. The publica- 
tions did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of seizure. In some instances fever 
may contribute to the development of seizures; however, the publications 
did not provide evidence linking this mechanism to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and seizures as lacking. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


440 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Causality Conclusion 


Conclusion 8.3: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and seizures. 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of acute disseminated encephalomyelitis (ADEM) after the 
administration of hepatitis B vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and ADEM. 


Mechanistic Evidence 


The committee identified eight publications describing the development 
of ADEM after the administration of hepatitis B vaccine. Six publications 
did not report evidence of causality beyond a temporal relationship be- 
tween vaccination and the development of ADEM (Brinar and Poser, 2008; 
Cabrera-Gomez et al., 2002; Geier and Geier, 2004; Herroelen et al., 1991; 
Rogalewski et al., 2007; Voigt et al., 2001). In addition, Rogalewski et al. 
(2007) reported the concomitant administration of vaccines making it dif- 
ficult to determine which vaccine, if any, could have been the precipitating 
event. These publications did not contribute to the weight of mechanistic 
evidence. 

Described below are two publications reporting clinical, diagnostic, or 
experimental evidence that contributed to the weight of mechanistic evidence. 

Konstantinou et al. (2001) reported a 39-year-old woman presenting 
with complete right homonymous hemianopia and severe dyslexia 4 weeks 
after receiving the second dose of hepatitis B vaccine. Brain MRI revealed 
a lesion occupying the left occipital lobe and extending into the splenium 
of corpus callosum. T1-weighted sequences of the lesion displayed hypoin- 
tense signal while T2-weighted sequences displayed hyperintense signal. 
The lesion was enhanced on postgadolinium T1-weighted sequences and 
demonstrated mass effect and obliteration of adjacent sulci. Histological 
examination and immunoperoxidase staining of a biopsy of the lesion were 
consistent with demyelinating disease. Improvement in the condition was 
noted after surgery. Eleven days after the third dose of hepatitis B vaccine 
the patient developed left hemiparesis and acute progressive deterioration 
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of vision. Brain MRIs after the second and third vaccine doses revealed 
large lesions occupying the left occipital lobe and right parieto-occipital re- 
gion, respectively. The lesions displayed hypointense signals on T2-weighted 
MRIs. Histologic examination and immunoperoxidase staining were con- 
sistent with demyelinating disease. Testing for oligoclonal IgG bands in 
the cerebrospinal fluid (CSF) and examination for intrathecal hepatitis 
B surface antibodies were not performed after the third dose of vaccine. 
Improvement of the condition was noted after treatment with dexametha- 
sone. Brain MRIs performed at follow-up visits 1 year and 2.5 years after 
the onset of the initial episode showed almost complete resolution of the 
previous findings. 

Tourbah et al. (1999) reported a 31-year-old man (patient 5 in the ar- 
ticle) with vertigo and paresthesia in hands and legs 2 weeks after the first 
injection of hepatitis B vaccine. The symptoms resolved in 10 days. The 
patient presented with asthenia, vertigo, paresthesia, and left hemihypoes- 
thesia after the second dose of a hepatitis B vaccine. The symptoms resolved 
in 10 days. The symptoms reappeared 7 days after receiving a booster dose 
of hepatitis B vaccine. A brain MRI after the first dose showed multiple 
T2-weighted high-intensity signals. An MRI after the third dose showed 
high signal lesions T2-weighted images involving arcuate fibers of both 
hemispheres, periventricular and subcortical white matter, corpus callosum 
and cerebellar white matter, and cortex. 


Weight of Mechanistic Evidence 


The two publications described above, when considered together, pre- 
sented clinical evidence suggestive but not sufficient for the committee to 
conclude the vaccine may be a contributing cause of ADEM after vac- 
cination against hepatitis B. The mechanistic evidence contributing to the 
analysis includes a clinical picture consistent with ADEM, and recurrence 
of symptoms after revaccination with hepatitis B vaccine where new white 
matter disease was associated with each revaccination. In the publications 
described above all of the patients recovered with steroids. In addition, a 
brain biopsy performed by Konstantinou et al. (2001) showed demyelin- 
ation. Furthermore, Konstantinou et al. (2001) did not observe oligoclonal 
bands in the CSE Neither publication reported the development of antibod- 
ies to HBsAg. 

Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of ADEM; however, the publications did not provide evidence 
linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 


ciation between hepatitis B vaccine and ADEM as low-intermediate 
based on two cases. 
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Causality Conclusion 


Conclusion 8.4: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of transverse myelitis after the administration of hepatitis B 
vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee identified seven publications reporting transverse myeli- 
tis after the administration of hepatitis B vaccine. Six publications did not 
provide evidence beyond temporality, some too long or too short based on 
the possible mechanisms involved (Fonseca et al., 2003; Iniguez et al., 2000; 
Karaali-Savrun et al., 2001; Mahassin et al., 1993; Renard et al., 1999; 
Senejoux et al., 1996). Long latencies between vaccine administration and 
development of symptoms make it impossible to rule out other possible 
causes. These publications did not contribute to the weight of mechanistic 
evidence. 

Described below is one publication that reported clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Tartaglino and colleagues (1995) described a 40-year-old man present- 
ing with lower extremity numbness and difficulty walking 2 weeks after 
receiving the first dose of hepatitis B vaccine. One month after receiving the 
second dose of hepatitis B vaccine the patient had difficulty walking, and 
the sensory disturbance ascended to the nipple level. A swollen edematous 
cord extending from C-3 to T-9 was revealed via T1-weighted and T2- 
weighted spin-echo pulse sequences. 


Weight of Mechanistic Evidence 


The publication described above did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
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transverse myelitis after vaccination against hepatitis B. The timing of the 
rechallenge appears to be a second episode, but the 1-month time frame 
between the two episodes is not sufficient to determine if the symptoms 
represent one or two episodes. A patient must return to baseline or be 
stable for at least 6 weeks before a new episode is recorded. Furthermore, 
no immunology indicating an enhancement of a proinflammatory response 
linked to the vaccine is presented. 

Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of transverse myelitis; however, the publications did not provide 
evidence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and transverse myelitis as 
weak based on one case. 


Causality Conclusion 


Conclusion 8.5: The evidence is inadequate to accept or reject a 
causal relation between hepatitis B vaccine and transverse myelitis. 


OPTIC NEURITIS 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of optic 
neuritis in adults after the administration of hepatitis B vaccine. One study 
(Geier and Geier, 2005) was not considered in the weight of epidemiologic 
evidence because it provided data from a passive surveillance system and 
lacked an unvaccinated comparison population. 

The two remaining controlled studies (DeStefano et al., 2003; Payne 
et al., 2006) were included in the weight of epidemiologic evidence and are 
described below. 

DeStefano et al. (2003) conducted a case-control study to evaluate the 
association between hepatitis B vaccination and optic neuritis using data 
from three health maintenance organizations (HMOs) participating in the 
Vaccine Safety Datalink (VSD). The optic neuritis analysis included 108 
cases and 228 controls. The cases had a documented physician’s diagnosis 
from 1995 through 1999, and were matched to controls from the HMO 
on date of birth (within 1 year) and sex. The authors evaluated the date 
of disease onset using data described in the medical record or reported 
in the telephone interview. The immunization status was obtained from 
vaccination records, medical records, and telephone interviews. The study 
had high rates of self-reported vaccinations from outside the HMO system 
(51 percent of cases and 50 percent of controls) that could not be verified, 
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which may have biased the results. The odds ratio for ever vaccinated with 
hepatitis B before optic neuritis diagnosis was 1.2 (95% CI, 0.5-3.1). The 
authors concluded that hepatitis B vaccination does not appear to be as- 
sociated with an increased risk of optic neuritis in adults. 

Payne et al. (2006) used the Defense Medical Surveillance System 
(DMSS) to conduct a case-control study among U.S. military personnel. 
The study included 1,131 cases with a first diagnosis of optic neuritis 
from 1998 through 2003, and 3,393 controls. The cases and controls were 
matched on sex, military service (e.g., active or reserve), and deployment 
within 18 weeks of diagnosis date. The vaccination status and date of first 
symptom of optic neuritis were obtained from the DMSS and reviewed by 
a neuro-opthalmologist. About 3 percent of the cases (37 patients) and 
controls (118 patients) received hepatitis B vaccine within the 18-week risk 
period, which suggested that possible confounders related to the decision 
to vaccinate were present. Although the authors considered three exposure 
times—6, 12, and 18 weeks after vaccination—only the odds ratio for 
optic neuritis diagnosis within 18 weeks of hepatitis B vaccination was 
given (OR, 1.02; 95% CI, 0.68-1.54). The authors noted without present- 
ing results that similar conclusions were obtained using 6- and 12-month 
exposure times. The authors concluded that vaccination against hepatitis B 
does not appear to increase the risk of optic neuritis in adults. 


Weight of Epidemiologic Evidence 


Two case-control studies evaluating the risk of optic neuritis in adults 
after hepatitis B vaccination were included in the committee’s review of 
the epidemiologic evidence. Neither of these studies found a significantly 
increased risk of optic neuritis after hepatitis B vaccination. Hepatitis B 
vaccination was infrequent in both cases and controls, raising the possibil- 
ity that selection bias could affect reported associations. See Table 8-1 for 
a summary of the studies that contributed to the weight of epidemiologic 
evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision to 
assess an association between hepatitis B vaccine and optic neuritis 
in adults. 


Mechanistic Evidence 


The committee identified six publications reporting optic neuritis after 
the administration of hepatitis B vaccine. The publications did not provide 
evidence beyond temporality (Albitar et al., 1997; Erguven et al., 2009; 
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Hamard et al., 2000; Roussat et al., 2001; Stewart et al., 1999; Voigt et al., 
2001). Two publications also reported the concomitant administration of 
vaccines making it difficult to determine which, if any, vaccine could have 
been the precipitating event (Stewart et al., 1999; Voigt et al., 2001). In 
addition, serological testing reported in Roussat et al. (2001) revealed a 
concomitant infection that could contribute to the development of symp- 
toms in one case described in the publication. These publications did not 
contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of optic neuritis. Autoantibodies, 
T cells, immune complexes, and molecular mimicry may contribute to the 
symptoms of optic neuritis; however, the publications did not provide evi- 
dence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and optic neuritis as lacking. 


Causality Conclusion 


Conclusion 8.6: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and optic neuritis. 


NEUROMYELITIS OPTICA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of neuromyelitis optica (NMO) after the administration of 
hepatitis B vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and NMO. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of NMO after the administration of hepatitis B 
vaccine. 
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Weight of Mechanistic Evidence 


Autoantibodies, T cells, complement activation, and molecular mimicry 
may contribute to the symptoms of NMO; however, the committee did not 
identify literature reporting evidence of these mechanisms after administra- 
tion of hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and NMO as lacking. 


Causality Conclusion 


Conclusion 8.7: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and NMO. 


MULTIPLE SCLEROSIS ONSET IN ADULTS 


Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of onset (date 
of first symptom) of multiple sclerosis (MS) in adults after the administra- 
tion of hepatitis B vaccine. One study (Geier and Geier, 2005) was not 
considered in the weight of epidemiologic evidence because it provided data 
from a passive surveillance system and lacked an unvaccinated comparison 
population. Two controlled studies (Ramagopalan et al., 2009; Touze et al., 
2002) had very serious methodological limitations that precluded their 
inclusion in this assessment. Ramagopalan et al. (2009) did not attempt to 
validate self-reported vaccination data or confirm the timing of vaccination, 
and the choice of spousal controls could have introduced selection bias. The 
hospital controls in Touze et al. (2002) also were problematic, and the high 
exclusion rates among cases and controls invited to participate in the study 
raised the potential for serious bias and confounding. 

The four remaining controlled studies (Ascherio et al., 2001; DeStefano 
et al., 2003; Hernan et al., 2004; Hocine et al., 2007) were included in the 
weight of epidemiologic evidence and are described below. One additional 
study is listed below (DeStefano et al., 2005), but it is not included in 
the assessment since the cases overlap data already described (DeStefano, 
2003). 

Ascherio et al. (2001) conducted a nested case-control study in women 
enrolled in the Nurses' Health Study and the Nurses' Health Study II. A 
total of 190 women with a probable or definite MS diagnosis from 1976 
through 1998 were compared to 534 randomly selected healthy controls 
and 111 matched breast cancer controls (to test for recall bias among 
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women with a serious disease). The date of MS onset was reported by the 
physicians and study participants, and the earliest date was used in the 
analysis. The immunization status was obtained through a self-report ques- 
tionnaire, and vaccination records were only reviewed when participants 
reported receiving hepatitis B vaccine. This study had high exclusion rates 
among the self-reported vaccinated cases and controls, for whom vaccina- 
tion certificates were not available. The age-adjusted relative risk of MS 
onset any time after hepatitis B vaccination compared to unvaccinated 
controls was 0.9 (95% CI, 0.5-1.6). Additionally, the relative risk of MS 
onset within 2 years of vaccination was 0.7 (9596 CI, 0.3-1.7). The authors 
concluded that vaccination against hepatitis B does not appear to increase 
the risk of the onset of MS in adults, but confidence intervals were broad. 

The study by DeStefano et al. (2003) was described in detail in the 
section on optic neuritis. This case-control study evaluated the association 
between hepatitis B vaccination and MS or optic neuritis onset using data 
from three HMOs participating in the VSD. The MS analysis included 332 
cases and 722 controls. Although there is a large number of cases and con- 
trols, the study had high rates of self-reported vaccinations from outside the 
HMO system (51 percent of cases and 50 percent of controls) that could 
not be verified, which may have biased the results. The odds ratio for ever 
vaccinated with hepatitis B before MS onset was 0.8 (95% CI, 0.5-1.4). 
The authors concluded that hepatitis B vaccination does not appear to be 
associated with an increased risk of MS onset in adults. 

DeStefano et al. (2005) provided a reanalysis of the VSD data in a peer- 
reviewed letter to the editor based on the methods used by Hernan et al. 
(2004). The reanalysis restricted the assessment of MS onset and hepatitis B 
vaccination to diagnoses and immunizations reported in the medical record, 
and included 119 cases in the study. The authors provided relative risk data 
for 1 year after vaccination, greater than 5 years after, and ever vaccinated. 
The odds ratio for the reanalysis of ever vaccinated with hepatitis B before 
MS onset was 0.4 (95% CI, 0.1-1.5), and no significant association or 
protective effect was demonstrated in analyses evaluating several different 
time delays from vaccination. The authors concluded that hepatitis B vac- 
cination does not appear to increase the risk of MS onset in adults. Since the 
participants included in this study completely overlapped those described in 
DeStefano et al. (2003), the results of this reanalysis were not independently 
considered in weighing the totality of evidence. 

Hernan et al. (2004) used the General Practice Research Database 
(GPRD) to perform a nested case-control study. Cases with a confirmed 
MS diagnosis from 1993 through 2000 and a minimum of 3 years follow- 
up in the database were selected and matched with controls on age (within 
1 year), sex, general practice, and date of joining the practice (within 1 
year). The study included 163 cases and 1,604 controls. The date of first 
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symptom of MS and hepatitis B vaccination status were identified in the 
medical record. There were a number of methodological concerns for this 
study including possible differences in the completeness of hepatitis B vac- 
cination ascertainment and a lack of adjustment for potential differences 
in socioeconomic status and past medical history. For example, prior to the 
index date, controls had more medical encounters on average than cases. 
The rates of vaccination were very low among the cases and controls, which 
raised the possibility that subjects selected for vaccination were importantly 
different. The odds ratio for MS onset within 3 years of immunization 
against hepatitis B was 3.1 (95% CI, 1.5-6.3). The authors concluded that 
hepatitis B immunization is associated with a threefold increase risk of MS 
onset in adults. 

Hocine et al. (2007) conducted a self-controlled case-series study based 
on data from a case-control study by Touze et al. (2002). The committee 
determined Touze et al. (2002) had methodological limitations and did not 
include the results in the epidemiologic assessment. The dataset used by 
Hocine et al. included cases of central nervous system (CNS) demyelinat- 
ing disease identified at 18 departments of neurology in France from 1994 
through 1995. Patients were followed to identify cases that went on to have 
a definite or probable MS diagnosis. The immunization status was obtained 
during telephone interviews, during which participants referred to their vac- 
cination records. The analysis included 192 cases with definite or probable 
MS. Two risk periods for MS diagnosis, 0-60 days and 61-365 days after 
hepatitis B vaccination, were used. A third risk period (indefinite postvac- 
cination risk period) was also employed to compare results to the 3-year 
period described in Hernan et al. (2004). The relative risk of probable or 
definite MS diagnosis within 0-60 days of hepatitis B vaccination was 1.59 
(95% CI, 0.66-3.81), within 61-365 days was 1.04 (95% CI, 0.46-2.34), 
and indefinitely (maximum of 2.29 years) after hepatitis B vaccination was 
1.55 (95% CI, 0.64—3.75). The authors concluded that vaccination against 
hepatitis B was not strongly associated with a diagnosis of MS in adults. 


Weight of Epidemiologic Evidence 


Four epidemiologic studies independently evaluating the risk of MS on- 
set in adults after hepatitis B vaccination were included in the committee’s 
overview of the evidence. Three of these were case-control studies, and one 
was a self-controlled case-series study. Only one study (a case-control study) 
found a significant association between MS and administration of hepatitis 
B within 3 years (Hernan et al., 2004). Two case-control studies found 
nonsignificant trends toward protection with vaccine (Ascherio et al., 2001; 
DeStefano et al., 2003), and the self-controlled case-series study found 
nonsignificant increases in risk of MS after hepatitis B vaccination. Rates 
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of hepatitis B vaccination were low in all studies, raising the possibilities 
that those selected for the vaccine were different from controls for factors 
that could predict risk of a later MS diagnosis, such as by manifesting early 
symptoms of MS that prompted a physician visit but did not result in an 
immediate diagnosis. Given the inconsistency of findings in the studies and 
the potential for selection bias, the committee graded the overall epidemio- 
logic evidence as limited. See Table 8-2 for a summary of the studies that 
contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on four studies that lacked validity and precision, to 
assess an association between hepatitis B vaccine and onset of MS 
in adults. 


Mechanistic Evidence 


The committee identified one publication reporting the onset of MS in 
an adult after administration of a hepatitis B vaccine. The publication did 
not provide evidence beyond temporality (Rogalewski et al., 2007). In ad- 
dition, Rogalewski et al. (2007) reported the concomitant administration 
of vaccines, making it difficult to determine which, if any, vaccine could 
have been the precipitating event. The publication did not contribute to the 
weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication above are consistent with 
those leading to a diagnosis of MS. Autoantibodies, T cells, and molecular 
mimicry may contribute to the symptoms of MS; however, the publication 
did not provide evidence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset of MS in adults 
as lacking. 


Causality Conclusion 


Conclusion 8.8: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset of MS 
in adults. 
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MULTIPLE SCLEROSIS ONSET IN CHILDREN 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of onset (date 
of first symptom) of MS in children after the administration of hepatitis 
B vaccine. One study (Sadovnick and Scheifele, 2000) was not considered 
in the weight of epidemiologic evidence because it provided data from a 
surveillance system and lacked an unvaccinated comparison population. 

The one remaining controlled study (Mikaeloff et al., 2007b) contrib- 
uted to the weight of epidemiologic evidence and is described below. 

Mikaeloff et al. (2007b) conducted a case-control study in children 
(younger than 16 years of age) enrolled in the French Kid Sclérose en 
Plaques (KIDSEP) neuropediatric MS data set. The analysis included 143 
children with a confirmed MS diagnosis and first episode that occurred 
from 1994 through 2003, and 1,122 matched controls from the French gen- 
eral population. The controls were selected through random-digit dialing 
from a telephone directory. The date of first symptom of MS was obtained 
from the medical record, and telephone calls and written questionnaires 
were used to gather more data on the description of symptoms. The im- 
munization status was obtained from vaccination certificates, and telephone 
interviews were used for 30 controls that did not provide certificates. One 
limitation of this study was the use of random-digit dialing for the selection 
of controls, with responder bias a known threat to validity. Additionally, 
583 of the initial 1,705 recruited controls were excluded because vaccina- 
tion information was not available, and the authors did not compare the 
characteristics of the excluded and retained controls, so controls may not 
have been representative of the general underlying population. The adjusted 
odds ratio for the onset of MS within 3 years of hepatitis B vaccination was 
1.03 (95% CI, 0.62-1.69).! The authors concluded that vaccination against 
hepatitis B does not appear to increase the risk of MS onset in children. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between hepatitis B vaccine and onset of MS 
in children. 





1 Mikaeloff et al. (2009) provided a subgroup analysis for specific brands of hepatitis B 
vaccine last used before MS onset in children compliant with vaccinations as outlined by the 
authors. The authors observed one increased odds ratio for MS onset > 3 years after Engerix 
vaccination (OR, 2.77; 95% CI, 1.23-6.24). 
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Mechanistic Evidence 


The committee identified one publication reporting the onset of MS in 
children after the administration of hepatitis B vaccine. The publication did 
not provide evidence beyond temporality, which was determined to be too 
long (Terney et al., 2006). Long latencies between vaccine administration 
and development of symptoms make it impossible to rule out other possible 
causes. This publication did not contribute to the weight of mechanistic 
evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are consis- 
tent with those leading to a diagnosis of MS. Autoantibodies, T cells, and 
molecular mimicry may contribute to the symptoms of MS; however, the 
publication did not provide evidence linking these mechanisms to hepatitis 
B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset of MS in children 
as lacking. 


Causality Conclusion 


Conclusion 8.9: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset of MS 
in children. 


MULTIPLE SCLEROSIS RELAPSE IN ADULTS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of relapse of 
MS (date of third demyelinating episode) in adults after the administration 
of hepatitis B vaccine. This one controlled study (Confavreux et al., 2001) 
contributed to the weight of epidemiologic evidence and is described below. 

Confavreux et al. (2001) conducted a case-crossover study in adults 
attending neurology centers affiliated with the European Database for 
Multiple Sclerosis. The study included 643 adults with definite or probable 
MS diagnosis and at least one relapse of symptoms that occurred from 
1993 through 1997. The relapse was confirmed during outpatient visits or 
during hospitalizations at the neurology centers. The immunization status 
was obtained from telephone questionnaires and confirmed with vaccina- 
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tion records or written confirmation from the physician. Vaccinations were 
confirmed for 260 participants, not confirmed for 57, and 326 reported re- 
ceiving no vaccinations during the study period. The risk period was defined 
as any time within 2 months before the relapse, and the four control periods 
were outlined as 2-month intervals prior to the risk period (2-10 months 
before the relapse). The relative risk of relapse of MS within 2 months of 
hepatitis B vaccination was 0.67 (95% CI, 0.2-2.17). The authors con- 
cluded that vaccination against hepatitis B does not appear to increase the 
risk of MS relapse in adults, but confidence intervals were broad and could 
include a clinically significant association. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision to 
assess an association between hepatitis B vaccine and relapse of 
MS in adults. 


Mechanistic Evidence 


The committee identified one publication reporting relapse of MS in 
adults after the administration of hepatitis B vaccine. The publication did 
not provide evidence beyond temporality (Herroelen et al., 1991). The pub- 
lication did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a relapse of MS. Autoantibodies, T cells, and 
molecular mimicry may contribute to the symptoms of MS; however, the 
publication did not provide evidence linking these mechanisms to hepatitis 
B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and relapse of MS in adults 
as lacking. 


Causality Conclusion 


Conclusion 8.10: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and relapse of MS 
in adults. 
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MULTIPLE SCLEROSIS RELAPSE IN CHILDREN 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of relapse of MS 
(date of second episode) in children after the administration of hepatitis B 
vaccine. This one controlled study (Mikaeloff et al., 2007a) contributed to 
the weight of epidemiologic evidence and is described below. 

Mikaeloff et al. (2007a) conducted a retrospective cohort study with 
children (younger than 16 years of age) enrolled in the KIDSEP neuro- 
pediatric data set. The study included 356 children with a first episode of 
acute CNS inflammatory demyelination that occurred from 1994 through 
2003, of which 33 received hepatitis B vaccine and 323 were not vacci- 
nated after the first episode. The outcome reported was a second episode 
of neurological symptoms. The first episode was confirmed in the medical 
record, and the second episode was reported through routine clinical visits 
and telephone interviews until the end of 2005. The immunization status 
was obtained from vaccination certificates; telephone interviews were used 
for six participants that did not provide certificates. The participants ex- 
posed to hepatitis B vaccine significantly differed from those without the 
vaccination. In particular, those who were vaccinated were more likely to 
have had a first episode before 1997, more likely to have transverse myelitis 
during a first episode, less likely to be treated with high-dose steroids after 
a first episode, and in most the hepatitis B vaccination was their first dose. 
The adjusted hazard ratio for relapse of MS within 3 years of hepatitis B 
vaccination was 0.78 (95% CI, 0.32-1.89). The authors concluded that 
vaccination against hepatitis B does not appear to increase the risk of a 
second episode of MS in children. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision to 
assess an association between hepatitis B vaccine and relapse of 
MS in children. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of relapse of MS in children after the administra- 
tion of hepatitis B vaccine. 
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Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to 
the symptoms of MS; however, the committee did not identify literature 
reporting evidence of these mechanisms after administration of hepatitis 
B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine relapse of MS in children as 
lacking. 


Causality Conclusion 


Conclusion 8.11: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and relapse of MS 
in children. 


FIRST DEMYELINATING EVENT IN ADULTS 


Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of a first de- 
myelinating event (first episode with or without relapse) in adults after the 
administration of hepatitis B vaccine. Two studies (Fourrier et al., 2001; 
Soubeyrand et al., 2000) were not considered in the weight of epidemio- 
logic evidence because they provided data from passive surveillance systems 
and lacked unvaccinated comparison populations. Three controlled studies 
(Touze et al., 2000, 2002; Zipp et al., 1999) had very serious methodologi- 
cal limitations that precluded their inclusion in this assessment. There were 
high exclusion rates and a lack of validation for self-reported vaccinations 
among the participants in two studies (Touze et al., 2000, 2002) that raised 
the potential for serious bias and confounding. The third study (Zipp et al., 
1999) was a letter to the editor judged by the committee to have insufficient 
methodological detail. 

The three remaining controlled studies (DeStefano et al., 2003; Hocine 
et al., 2007; Payne et al., 2006) were included in the weight of epidemio- 
logic evidence and are described below. 

The study by DeStefano et al. (2003) was described in detail in the 
section on optic neuritis. This case-control study evaluated the association 
between hepatitis B vaccination and MS or optic neuritis onset using data 
from three HMOs participating in the VSD. The first demyelinating event 
analysis included 440 cases (documented diagnosis of MS or optic neuritis) 
and 950 controls. Although there is a large number of cases and controls, 
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the study had high rates of self-reported vaccinations from outside the 
HMO system (51 percent of cases and 50 percent of controls) that could 
not be verified, which may have biased the results. The odds ratio for ever 
vaccinated with hepatitis B before demyelinating disease onset was 0.9 
(95% CI, 0.6-1.5). The authors concluded that hepatitis B vaccination 
does not appear to be associated with an increased risk of demyelinating 
disease in adults. 

The study by Payne et al. (2006) was described in detail in the section 
on optic neuritis. This case-control study investigated the occurrence of 
optic neuritis after hepatitis B vaccination in U.S. military personnel. About 
3 percent of the cases (37 patients) and controls (118 patients) received 
hepatitis B vaccine within the 18-week risk period, which suggested that 
possible confounders related to the decision to vaccinate were present. Al- 
though the authors considered three exposure times—6, 12, and 18 weeks 
after vaccination—only the odds ratio for optic neuritis diagnosis within 18 
weeks of hepatitis B vaccination was given (OR, 1.02; 95% CI, 0.68-1.54). 
The authors noted without presenting results that similar conclusions were 
obtained using 6- and 12-month exposure times. The authors concluded 
that vaccination against hepatitis B does not appear to increase the risk of 
optic neuritis in adults. 

Hocine et al. (2007) conducted a self-controlled case-series study. The 
data set included cases of CNS demyelinating disease identified at 18 de- 
partments of neurology in France from 1994 through 1995. The immuniza- 
tion status was obtained during telephone interviews and participants were 
asked to reference their vaccination certificates. The analysis included 234 
cases with a first CNS demyelinating event, of which 64 percent referred 
to vaccination certificates. The primary risk period was 0-60 days postvac- 
cination, but the authors also reported relative risks for 61-365 days and 
indefinitely after hepatitis B vaccination. The relative risk of a first demy- 
elinating event within 0-60 days was 1.68 (95% CI, 0.76-3.68), within 
61-365 days was 1.33 (95% CI, 0.65-2.69), and indefinitely (maximum of 
2.29 years) after hepatitis B vaccination was 1.35 (9596 CI, 0.61-3.01). The 
authors concluded that vaccination against hepatitis B was not associated 
with a first CNS demyelinating event in adults. 


Weight of Epidemiologic Evidence 


Two case-control studies and one self-controlled case-series study 
evaluating the risk of first demyelinating events in adults after hepatitis B 
vaccination were included in the committee’s review of the epidemiologic 
evidence. None of these studies found a significantly increased risk of first 
demyelinating events after hepatitis B vaccination. The types of demyelinat- 
ing events were distinct in the studies, with one including only cases of optic 
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neuritis (Payne et al., 2006), one including cases of MS and optic neuritis 
(DeStefano et al., 2003), and another including only CNS demyelinating 
events (Hocine et al., 2007). The studies were generally well done and 
results were consistent. See Table 8-3 for a summary of the studies that 
contributed to the weight of epidemiologic evidence. 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on three studies of sufficient validity and 
precision to assess an association between hepatitis B vaccine and a 
first demyelinating event in adults; these studies consistently report 
a null association. 


Mechanistic Evidence 


The committee identified 15 publications reporting the development 
of a first demyelinating event (with or without relapse) in adults after the 
administration of hepatitis B vaccine. Eleven publications did not pres- 
ent evidence beyond temporality, some too short based on the possible 
mechanisms involved (Albitar et al., 1997; Brinar and Poser, 2008; Cabrera- 
Gomez et al., 2002; Herroelen et al., 1991; Karaali-Savrun et al., 2001; 
Mahassin et al., 1993; Pirmohamed and Winstanley, 1997; Rogalewski 
et al., 2007; Senejoux et al., 1996; Stewart et al., 1999; Voigt et al., 2001). 
In addition, serological testing reported in Roussat et al. (2001) revealed a 
concomitant infection that could contribute to the development of symp- 
toms in one case described in the publication. Furthermore, Rogalewski 
et al. (2007) reported the concomitant administration of vaccines, making it 
difficult to determine which, if any, vaccine could have been the precipitat- 
ing event. Tartaglino and colleagues (1995) reported what appeared to be 
a vaccine rechallenge case of transverse myelitis developing after the first 
and second doses of hepatitis B vaccine. However, the patient did not return 
to baseline prior to presentation with symptoms after the second dose of 
vaccine indicating that the patient was suffering from a single demyelinat- 
ing event. The authors did not report evidence beyond temporality. These 
publications did not contribute to the weight of mechanistic evidence. 

Described below are two publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

The case reported by Konstantinou et al. (2001) was described in detail 
in the section on ADEM. The authors reported a vaccine rechallenge case 
in which the patient developed symptoms consistent with ADEM after 
administration of the second and third doses of hepatitis B vaccine. Brain 
MRIs revealed new white matter disease associated with each vaccination. 

The case reported by Tourbah et al. (1999) was described in detail in 
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the section on ADEM. The authors reported a vaccine rechallenge case in 
which the patient developed symptoms consistent with ADEM after admin- 
istration of the first, second, and third doses of hepatitis B vaccine. Brain 
MRIs revealed new white matter disease after the first and third doses of 
vaccine. 


Weight of Mechanistic Evidence 


The two publications described above, when considered together, pre- 
sented clinical evidence suggestive but not sufficient for the committee to 
conclude the vaccine may be a contributing cause of a first demyelinating 
event in adults after vaccination against hepatitis B. The mechanistic evi- 
dence contributing to the analysis includes a clinical picture consistent with 
ADEM, and recurrence of symptoms after revaccination with hepatitis B 
where new white matter disease was associated with each revaccination. In 
the publications described above all of the patients recovered with steroids. 
In addition, a brain biopsy performed by Konstantinou et al. (2001) showed 
demyelination. Furthermore, Konstantinou et al. (2001) did not observe 
oligoclonal bands in the CSF. Neither publication reported the development 
of antibodies to HBsAg. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to the diagnosis reported in the publications. 
Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms reported in the publications; however, the publications did not 
provide evidence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between hepatitis B vaccine and a first demyelinating event 
in adults as low-intermediate based on two cases. 


Causality Conclusion 


Conclusion 8.12: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and a first demy- 
elinating event in adults. 


Although the epidemiologic evidence is graded moderate-null, the com- 
mittee considered the overall data inadequate to favor rejection of an as- 
sociation. The first demyelinating event category included different clinical 
entities (optic neuritis alone, CNS demyelinating events alone, or the two 
together), so considering the studies confirmations of each other may not be 
fully justified. Also, a first demyelinating event is required for an ultimate 
diagnosis of MS, and the data on the association of hepatitis B vaccine 
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with a diagnosis of MS were heterogeneous. In addition, the committee’s 
assessment of the mechanistic evidence (low-intermediate) was limited to 
diagnoses of ADEM and countered the null assessment of the epidemiologic 
evidence. The uncertainties in the epidemiologic evidence combined with 
the uncertainties in the mechanistic evidence impacted the committee’s final 
interpretation as applied to the causality conclusion. 


FIRST DEMYELINATING EVENT IN CHILDREN 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of a first demy- 
elinating event (first episode with or without relapse) in children after the 
administration of hepatitis B vaccine. This one controlled study (Mikaeloff 
et al., 2009) contributed to the weight of epidemiologic evidence and is 
described below. 

Mikaeloff et al. (2009) conducted a case-control study in children 
(younger than 16 years of age) enrolled in the KIDSEP data set. The analy- 
sis included 349 children with a first episode of acute CNS inflammatory 
demyelination that occurred from 1994 through 2003. This study included 
143 MS cases who were also analyzed in the 2007 study by Mikaeloff and 
colleagues discussed above under MS onset in children. The cases included 
patients with a single episode without relapse and those who later relapsed 
and were diagnosed with MS. The study enrolled 2,941 matched controls 
from the French general population who were selected through random- 
digit dialing from a telephone directory. The date of first episode of CNS 
demyelination was obtained from the medical record. The immunization 
status was verified with vaccination certificates, and telephone interviews 
were used for 68 controls who did not provide certificates. One limita- 
tion of this study was the use of random-digit dialing for the selection of 
controls, with responder bias a known risk to validity. Additionally, 1,231 
of the initial 4,172 recruited controls were excluded because vaccination 
information was not available, and the authors did not compare the char- 
acteristics of the excluded and retained controls so it is unclear whether 
controls were representative of the general population. The adjusted odds 
ratio for a first episode of CNS inflammatory demyelination within 3 years 
of hepatitis B vaccination was 0.74 (95% CI, 0.54—1.02). The authors 
concluded that hepatitis B vaccination generally does not increase the risk 
of a CNS inflammatory demyelination in children. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
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assess an association between hepatitis B vaccine and a first demy- 
elinating event in children. 


Mechanistic Evidence 


The committee identified six publications reporting the development of 
a first demyelinating event (first episode with or without relapse) in chil- 
dren after the administration of hepatitis B vaccine. The publications did 
not provide evidence beyond temporality (Erguven et al., 2009; Fonseca 
et al., 2003; Hamard et al., 2000; Iniguez et al., 2000; Renard et al., 1999; 
Roussat et al., 2001). The publications did not contribute to the weight of 
mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to the diagnoses reported in the publications. 
Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms reported in the publications; however, the publications did not 
provide evidence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and a first demyelinating 
event in children as lacking. 


Causality Conclusion 


Conclusion 8.13: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and a first demy- 
elinating event in children. 


GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed five studies to evaluate the risk of Guillain- 
Barré syndrome (GBS) after the administration of hepatitis B vaccine. Four 
studies (Geier and Geier, 2002c, 2004; Souayah et al., 2007, 2009) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems and lacked unvaccinated compari- 
son populations. One controlled study (Wu et al., 1999) had very serious 
methodological limitations that precluded its inclusion in this assessment. 
Wu et al. (1999) conducted a case-control study, but provided inadequate 
information on how the controls and exposure were classified. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and GBS. 


Mechanistic Evidence 


The committee identified eight publications describing the development 
of GBS after administration of a recombinant hepatitis B vaccine. The 
publications did not provide evidence beyond temporality, some too long 
or too short based on the possible mechanisms involved (Creange et al., 
1999; Kakar and Sethi, 1997; Khamaisi et al., 2004; Pritchard et al., 2002; 
Schessl et al., 2006; Seti et al., 2002; Sinsawaiwong and Thampanitcha- 
wong, 2000; Tuohy, 1989). Long latencies between vaccine administration 
and development of symptoms make it impossible to rule out other pos- 
sible causes. In addition, Schessl et al. (2006) reported that serologic tests 
revealed concomitant infections that could contribute to the development 
of GBS in four of five cases described in the publication. These publications 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of GBS. Autoantibodies, comple- 
ment activation, immune complexes, T cells, and molecular mimicry may 
contribute to the symptoms of GBS; however, the publications did not 
provide evidence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and GBS as lacking. 


Causality Conclusion 


Conclusion 8.14: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and GBS. 


CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of hepatitis B vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and CIDP. 


Mechanistic Evidence 


The committee identified one publication reporting two cases of the 
development of CIDP after the administration of hepatitis B vaccine (Vital 
et al., 2002). The cases did not provide evidence beyond temporality and 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are consis- 
tent with those leading to a diagnosis of CIDP. Autoantibodies, T cells, and 
molecular mimicry may contribute to the symptoms of CIDP; however, the 
publication did not provide evidence linking these mechanisms to hepatitis 
B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and CIDP as lacking. 


Causality Conclusion 


Conclusion 8.15: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and CIDP. 


BRACHIAL NEURITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evaluate 
the risk of brachial neuritis after the administration of hepatitis B vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and brachial neuritis. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnos- 
tic, or experimental evidence of brachial neuritis after administration of a 
hepatitis B vaccine. 
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Weight of Mechanistic Evidence 


Autoantibodies, T cells, and complement activation may contribute to 
the symptoms of brachial neuritis; however, the committee did not identify 
literature reporting evidence of these mechanisms after administration of 
hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between hepatitis B vaccine and brachial neuritis as lacking. 


Causality Conclusion 


Conclusion 8.16: The evidence is inadequate to accept or reject 
a causal relationship between hepatitis B vaccine and brachial 
neuritis. 


ANAPHYLAXIS 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of anaphylaxis 
after the administration of hepatitis B vaccine. These four studies (Bohlke 
et al., 2003; DiMiceli et al., 2006; Duclos, 1992; Peng and Jick, 2004) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems and lacked unvaccinated 
comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified two publications reporting anaphylaxis after 
the administration of hepatitis B vaccine. One publication reported the con- 
comitant administration of vaccines, making it difficult to determine which, 
if any, vaccine could have been the precipitating event (Ball et al., 2001). 
This publication did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

DiMiceli et al. (2006) reported 11 cases of anaphylaxis in yeast- 
sensitive individuals after the administration of hepatitis B vaccine. The 
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authors identified 107 reports mentioning a history of yeast allergy sub- 
mitted to the Vaccine Adverse Event Reporting System (VAERS). Of the 
107 reports, 82 received a hepatitis B vaccine, and 11 of these reported 
the development of anaphylaxis after vaccination. The latency between 
administration of the vaccine and development of symptoms ranged from 
immediately after vaccination to 3 hours after vaccination in 10 cases. One 
case reported a latency of 5 hours between vaccination and the develop- 
ment of anaphylaxis. The committee determined the latency in this case to 
be too long. 


Weight of Mechanistic Evidence 


The publication described above presented clinical evidence sufficient 
for the committee to conclude the vaccine was a contributing cause of ana- 
phylaxis in yeast-sensitive individuals after administration of a hepatitis B 
vaccine. The clinical descriptions establish a strong temporal relationship 
between administration of the vaccine and the anaphylactic reaction. The 
publication did not report evidence supporting a mechanism; however, the 
vaccines may contain yeast protein. 


The committee assesses the mechanistic evidence regarding an 
association between hepatitis B vaccine and anaphylaxis in yeast- 
sensitive individuals as strong based on ten cases presenting tempo- 
rality and clinical symptoms consistent with anaphylaxis. 


Causality Conclusion 


Conclusion 8.17: The evidence convincingly supports a causal 
relationship between hepatitis B vaccine and anaphylaxis in yeast- 
sensitive individuals. 


ERYTHEMA NODOSUM 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of erythema nodosum after the administration of hepatitis B 
vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and erythema nodosum. 
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Mechanistic Evidence 


The committee identified four publications reporting erythema nodo- 
sum after administration of a hepatitis B vaccine. Three publications did 
not provide evidence beyond temporality, some too short based on the pos- 
sible mechanisms involved (Llobat Estelles et al., 1995; Rogerson and Nye, 
1990; Verstraeten et al., 2008). In addition, Llobat Estelles et al. (1995) 
reported that the lesions of erythema nodosum that developed 10 days 
after the first dose of the vaccine and resolved over the next 8 weeks did 
not recur when the patient was subsequently rechallenged with a second 
dose of the vaccine. These publications did not contribute to the weight of 
mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Goolsby (1989) described a 43-year-old woman with known asthma, 
pulmonary interstitial fibrosis, and eczema who presented with painful nod- 
ules on each leg 4 days after administration of the first dose of a hepatitis B 
vaccine. Physical examination and punch biopsy of a lesion led to a diagno- 
sis of erythema nodosum. A chest X-ray showed interstitial reticulonodular 
densities, and laboratory tests showed decreased forced vital capacity and 
forced expiratory volume, elevation of serum IgE concentration, positive 
aspergillus skin test, and serum aspergillus antibody titer of less than 1:8. 
The patient was treated with prednisone for pulmonary interstitial fibrosis. 
The skin lesions resolved over several weeks. Three weeks after beginning 
the course of steroids a second dose of the vaccine was administered, and 3 
days after the second vaccine dose the erythema nodosum recurred. 


Weight of Mechanistic Evidence 


The publication, described above, did not present evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause 
of erythema nodosum after administration of a hepatitis B vaccine. The 
publication reported a temporal association and recurrence of symptoms 
after vaccine rechallenge. Autoantibodies, T cells, complement activation, 
and immune complexes may contribute to the symptoms of erythema no- 
dosum; however, the publications did not provide evidence linking these 
mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between hepatitis B vaccine and erythema nodosum as 
weak based on one case. 
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Causality Conclusion 


Conclusion 8.18: The evidence is inadequate to accept or reject 
a causal relationship between hepatitis B vaccine and erythema 
nodosum. 


ONSET OR EXACERBATION OF SYSTEMIC 
LUPUS ERYTHEMATOSUS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of onset of 
systemic lupus erythematosus (SLE) after the administration of hepatitis 
B vaccine. One study (Geier and Geier, 2005) was not considered in the 
weight of epidemiologic evidence because it provided data from a passive 
surveillance system and lacked an unvaccinated comparison population. 

The one remaining controlled study (Cooper et al., 2002) contributed 
to the weight of epidemiologic evidence and is described below. 

Cooper et al. (2002) conducted a case-control study in individuals (15 
to 81 years of age) residing in 60 counties in eastern North Carolina and 
eastern South Carolina. SLE patients were referred by rheumatologists at 
university practices, public health clinics, and community-based practices in 
the area. The authors reviewed the patients’ medical records and enrolled 
individuals who met the 1997 revised American College of Rheumatology 
SLE criteria, received a diagnosis from January 1995 through July 1999, 
lived in the area at least 6 months before diagnosis, were at least 18 years of 
age at enrollment, and spoke English. Controls were identified with driver’s 
license records and were required to meet separate eligibility criteria (at 
least 18 years of age, speak English, and never diagnosed with any type of 
lupus). Vaccination histories were obtained from structured, in-person in- 
terviews and were not confirmed with medical records. A total of 265 cases 
and 355 controls were included in the analysis. Hepatitis B vaccination was 
low among the cases (18.7 percent) and the controls (16.5 percent), and 
the timing of vaccination was not clearly described relative to the onset of 
lupus. The controls were frequency matched to the cases on age (5-year 
age groups), sex, and state, and were randomly assigned index dates that 
corresponded to the onset dates of cases. The analyses were adjusted for 
matched variables, race, and education. The odds ratio for SLE diagnosis 
after hepatitis B vaccination was 1.3 (95% CI, 0.8—2.1). The authors con- 
cluded that hepatitis B vaccination does not appear to be associated with 
development of SLE. 
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Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision to 
assess an association between hepatitis B vaccine and onset of SLE. 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and exacerbation of SLE. 


Mechanistic Evidence 


The committee identified 13 publications reporting the onset or ex- 
acerbation of SLE after the administration of hepatitis B vaccine. Twelve 
publications did not provide evidence beyond temporality, some too long 
or too short based on the possible mechanisms involved (Agmon-Levin 
et al., 2009; Delbrel et al., 1998; Finielz et al., 1998; Geier and Geier, 
2005; Grezard et al., 1996; Guiserix, 1996; Maillefert et al., 1999, 2000; 
Mamoux and Dumont, 1994; Santoro et al., 2007; Senecal et al., 1999; 
Tudela et al., 1992). Long latencies between vaccine administration and 
development of symptoms make it impossible to rule out other possible 
causes. These publications did not contribute to the weight of mechanistic 
evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Poirriez (2004) described a 12-year-old girl that presented with symp- 
toms leading to a diagnosis of neurologic lupus 2 months after administra- 
tion of a booster dose of a hepatitis B vaccine. Laboratory examinations 
revealed increased levels of antinuclear antibodies, anticardiolipin antibod- 
ies, and decreased concentrations of complement. Furthermore, the authors 
report that the patient's serum antinuclear antibodies were completely 
absorbed by mixing the serum with 4,950 pL of the vaccine containing 
200 ng of HBsAg, partially absorbed by 2,450 pL of the vaccine containing 
100 pg of HBsAg, but not removed at all by 450 pL of the vaccine contain- 
ing 20 pg of HBsAg. 


Weight of Mechanistic Evidence 


The publication, described above, did not present clinical and experi- 
mental evidence sufficient for the committee to conclude the vaccine may be 
a contributing cause of SLE after the administration of hepatitis B vaccine. 
The publication provided preliminary evidence suggesting cross-reactivity 
between a patient’s antinuclear antibodies (ANAs) and some component 
of the vaccine (Poirriez, 2004). However, the significance of this finding is 
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uncertain in that control sera from other ANA-positive patients (both vac- 
cinated and unvaccinated) were not tested. Moreover, other reports in the 
literature confirming this finding were not identified. 

In addition to autoantibodies, T cells, complement activation, and 
immune complexes may contribute to the symptoms of SLE; however, the 
publications did not provide evidence linking these mechanisms to hepa- 
titis B vaccine. Furthermore, symptoms leading to a diagnosis of SLE are 
thought to develop over many years, making it impossible to determine the 
inciting event. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation of 
SLE as weak based on experimental evidence and one case. 


Causality Conclusion 


Conclusion 8.19: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of SLE. 


ONSET OR EXACERBATION OF VASCULITIS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of vasculitis 
after the administration of hepatitis B vaccine. These two studies (Geier 
and Geier, 2002c, 2005) were not considered in the weight of epidemiologic 
evidence because they provided data from passive surveillance systems and 
lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and onset or exacerbation 
of vasculitis. 


Mechanistic Evidence 


The committee identified 17 publications describing onset or exacerba- 
tion of vasculitis after the administration of hepatitis B vaccine. Nine publi- 
cations did not provide evidence beyond temporality, some too long or too 
short based on the possible mechanisms involved (Allen et al., 1993; Bellut 
et al., 2001; Beretta et al., 2001; Cockwell et al., 1990; Jacobi et al., 2005; 
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Masse and Descoffres, 1998; Miron et al., 2003; Vanoli et al., 1998; Zaas 
et al., 2001). Long latencies between vaccine administration and develop- 
ment of symptoms make it impossible to rule out other possible causes. 
These publications did not contribute to the weight of mechanistic evidence. 

Described below are eight publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Begier et al. (2004) note that 2 of 25 cases reported to VAERS as 
polyarteritis nodosa were more likely to be microscopic polyangiitis. Case 
2 describes a 33-year-old woman with symptoms arising 2 weeks after the 
third dose of a hepatitis B vaccine. The patient had kidney and liver aneu- 
rysms, presumably detected on angiogram. The presence of renal pathology 
supports the diagnosis of microscopic polyangiitis. The patient remained 
symptomatic for at least 6 years: the duration of disease suggests that im- 
mune complexes involving HBsAg are unlikely to be the etiologic agent. 
Case 4 describes a 56-year-old woman who developed biopsy-proven vas- 
culitis and hematuria 2 weeks after the third dose of a hepatitis B vaccine. 
Renal involvement suggests microscopic polyangiitis. Symptoms lasted 4 
months with therapy. There is no statement regarding immune complexes 
in blood or biopsy and no information on antibodies to HBsAg. 

Bui-Quang et al. (1998) described a 51-year-old woman presenting 
with erysipelas of the ankle days after receiving the second dose of a 
hepatitis B vaccine. Three days after the third dose the patient developed 
a fever and cutaneous vasculitis. The patient was negative for hepatitis C, 
parvovirus B19, Lyme disease, and cytomegalovirus. The patient presented 
with ANA at 1/80 and circulating immune complexes to 6 mg/L. A skin 
biopsy performed 5 days after the third dose showed significant infiltration 
of lymphocytes and neutrophils. Immunofluorescence showed granular 
deposits of IgA, IgM, and C3. The symptoms spontaneously resolved after 
2 weeks. Two months later the patient was negative for ANA but positive 
for circulating immune complexes. No effort was made to find anti- HBsAg 
antibodies in lesions, but serum antibodies were present. 

Chave et al. (2003) described a 28-year-old woman presenting with a 
purpuric rash over the limbs and trunk and symmetrical arthralgia affecting 
the elbows and knees 19 days after receiving a booster dose of a hepatitis 
B vaccine. Microscopic hematuria and proteinuria were revealed by urine 
dipstick, and vasculitis was revealed by sigmoidoscopy. Serological tests 
showed increased IgA levels. A skin biopsy confirmed vasculitis and im- 
munofluorescence showed deposition of granular IgA, granular C3, and 
fibrin in blood vessel walls. Most symptoms resolved rapidly on steroids 
but hematuria and proteinuria persisted for 1 year, making these symptoms 
unlikely to be vaccine related. 

Drucker et al. (1997) described a 26-year-old woman presenting with 
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rectal bleeding, bilateral leg pain, and ill-defined abdominal discomfort 
10 days after receiving the second dose of hepatitis B vaccine. Serological 
findings were negative for parasites; Lyme disease; hepatitis A, B, and C; hu- 
man immunodeficiency virus (HIV); human T-lymphotropic virus (HTLV) 
1 and 2; and compatible with remote infection with parvovirus. Biopsy of 
the vastus lateralis showed a predominantly CD4* T cell infiltration of the 
small vessel walls and a rare nonnecrotizing granuloma. With no antibody 
response to HBsAg and no evidence of clonality in the vessel infiltrating 
T cells, it is difficult to find more than temporality relating the vaccine to 
the symptoms. 

Journe et al. (1995) described a 44-year-old diabetic man presenting 
with an erythematous rash, maculopapular and purpuric in areas on the 
trunk, abdomen, and lower limb and the appearance of nodular lesions on 
the hands and elbows 4 weeks after receiving the second dose of a hepati- 
tis B vaccine. Examination showed the patient was positive for polyclonal 
cryoglobulins (155 mg/L) and that CH50 was low. Histology of skin lesions 
confirmed leukocytoclastic vasculitis. Immunofluorescence showed granular 
deposits of C3 on capillary walls. The symptoms resolved within 3 weeks. 

Le Hello et al. (1999) reported three cases of vasculitis developing 
after the administration of hepatitis B vaccine. The first two cases did not 
provide evidence beyond a temporal relationship between vaccination and 
development of symptoms. These cases did not contribute to the weight of 
mechanistic evidence. Case 3 described a 19-year-old woman presenting 
with transient weakness of the left leg 3 months after receiving the second 
dose of a hepatitis B vaccine. Seven days after the third dose of a hepatitis 
B vaccine, the patient presented with arthralgias, left side hemihypesthesia, 
and an unstable gait. MRI showed right occipital, lenticular, and thalamic 
signals. Narrowing of the right anterior cerebral artery, right middle cere- 
bral artery, right posterior cerebral artery, left anterior cerebral artery, left 
middle cerebral artery, and basilar artery were detected by cerebral angio- 
graphic studies. There was no evidence of infection or of an autoimmune 
disease. The patient was positive for HBsAb. Symptoms resolved within 
months. 

Maillefert et al. (1999) reported one case of proven vasculitis and two 
of presumed vasculitis, in women aged 17, 20, and 49 years, presenting 1 
week, 2 weeks, and 2 months after administration of a hepatitis B vaccine. 
Laboratory results showed circulating immune complexes in one patient, 
cryoglobulins in two patients, and rheumatoid factor in one patient. All 
had rapid resolution of symptoms. It is neither stated if any were HBsAb 
positive nor if other etiologies were ruled out. 

Mathieu et al. (1996) reported two cases of cryoglobulinemia postvac- 
cination. Case one described an 18-year-old woman presenting with painful 
necrotic and bullous purpura of the legs 10 days after receiving the second 
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dose of a hepatitis B vaccine. Examination showed complement activation 
with a low level of C4b. Cryoglobulinemia was confirmed by cytocrit, but 
the cryoglobulins were not typed. Serology was negative for HIV, hepati- 
tis C, and cytomegalovirus, but positive for HBsAb. Case 2 described a 
36-year-old patient presenting with fever, pain, and bilateral purpura of 
the legs 30 days after receiving a booster dose of a hepatitis B vaccine. 
Serological testing was positive for HBsAb. The patient had received three 
prior doses without adverse events. Skin biopsy showed evidence of leuko- 
cytoclastic vasculitis. The patient had type II mixed cryoglobulinemia, IgG- 
IgM with a monoclonal IgM component. The symptoms and cryoglobulins 
spontaneously resolved within 20 days. 


Weight of Mechanistic Evidence 


While rare, vasculitis, particularly polyarteritis nodosa, is associated 
with hepatitis B infections (Koziel and Thio, 2010). The pathogenesis 
leading to vasculitis after hepatitis B infection is thought to be mediated 
by immune complexes containing HBsAg (Cacoub and Terrier, 2009). The 
committee considers the effects of natural infection one type of mechanistic 
evidence. 

In addition, the eight publications described above, when considered 
together, presented clinical evidence suggestive but not sufficient for the 
committee to conclude the vaccine may be a contributing cause of vascu- 
litis after vaccination against hepatitis B. The evidence contributing to the 
weight of mechanistic evidence includes the latency of several days to 4 
weeks between vaccination and development of symptoms, the resolution 
of symptoms after vaccination, positive tests for circulating immune com- 
plexes or cryoglobulins, and recurrence or exacerbation of symptoms after 
revaccination against hepatitis B in two publications. The lack of evidence 
of HBsAg in the circulating immune complexes detracted from the weight 
of mechanistic evidence. 

The latency between administration of the second, third, or fourth 
doses of a hepatitis B vaccine and development of vasculitis in the publica- 
tions described above ranged from several days to 4 weeks. The isolation 
of circulating immune complexes or cryoglobulins in several publications 
suggests immune complexes as the mechanism. In addition, autoantibod- 
ies, T cells, and complement activation may contribute to the symptoms of 
vasculitis; however, the publications did not provide evidence linking these 
mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation 
of vasculitis as low-intermediate based on knowledge about the 
natural infection and twelve cases. 
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Causality Conclusion 


Conclusion 8.20: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of vasculitis. 


ONSET OR EXACERBATION OF POLYARTERITIS NODOSA 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of onset or exac- 
erbation of polyarteritis nodosa (PAN) after the administration of hepatitis 
B vaccine. This study (Begier et al., 2004) was not considered in the weight 
of epidemiologic evidence because it provided data from a passive surveil- 
lance system and lacked an unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and onset or exacerbation 
of PAN. 


Mechanistic Evidence 


The committee identified nine publications of onset or exacerbation 
of PAN after administration of a hepatitis B vaccine. Five publications did 
not provide evidence beyond temporality (de Carvalho et al., 2008; Kerleau 
et al., 1997; Le Goff et al., 1988, 1991; Saadoun et al., 2001). In addition, 
Saadoun and colleagues (2001) reported development of PAN, in a previ- 
ously undiagnosed carrier of hepatitis B, after administration of hepatitis B 
vaccine and attributed the development of PAN to the hepatitis B infection. 
These publications did not contribute to the weight of mechanistic evidence. 

Described below are four publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Begier et al. (2004) identified 25 cases of PAN developing after admin- 
istration of a vaccine reported to VAERS from 1990 through 2001. Nine 
cases of PAN reported after administration of a hepatitis B vaccine with no 
other etiologies were described in detail. Two cases described microscopic 
polyangiitis and are discussed in the section on vasculitis. Two cases were 
previously reported by De Keyser et al. (2000) and are discussed below. 
Two cases did not provide evidence of causality beyond a temporal rela- 
tionship between administration of a vaccine and development of PAN. 
Two cases reported latencies of between 4 and 8 months between the 
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administration of a vaccine and development of PAN, which the commit- 
tee considered to be too long. One case reported a temporal relationship 
between administration of a vaccine and development of symptoms, but 
the symptoms persisted beyond the time vaccine antigen would be present. 

Bourgeais et al. (2003) reported one case of a 37-year-old woman 
presenting with livedo extending from the legs to the abdomen after re- 
ceiving the first dose of a hepatitis B vaccine. The patient was positive for 
antinuclear antibodies at 1:500. The symptoms lasted several years. A skin 
biopsy showed necrotizing vasculitis, but no antibodies to HBsAg were 
detected in the biopsy. Tests for infectious agents were negative. 

De Keyser et al. (2000) reported two cases of PAN developing after 
vaccination against hepatitis B. Case 1 describes a 45-year-old man present- 
ing with myalgia, joint pain, and morning stiffness 2 weeks after receiving 
the first dose of a hepatitis B vaccine. After the second dose the patient 
presented with arthralgia, increased myalgia, an ulcer over the left lower 
limb, ischemic lesions over the fingertips, and ischemic discoloration distal 
to the second and third digits of the left hand. The patient was positive for 
antinuclear antibodies, antineutrophil cytoplasmic antibodies (cANCA), 
and a raised concentration of immune complexes. The patient did not 
have antibodies to HBsAg. A skin biopsy of the lower left limb ulcer 
showed granulation tissue composed of fibroblasts with inflammatory cells. 
A medium-sized vessel under the granulation tissue presented with fibrosis 
of the muscle wall with infiltrating inflammatory cells. The disease lasted 
for 3 years at least, long after the HBsAg should have been eradicated; thus 
a diagnosis of PAN based on immune complexes of HBsAg and HBsAg is 
unlikely. Case 2 did not provide evidence of causality beyond a temporal 
relationship between administration of a hepatitis B vaccine and develop- 
ment of PAN. 

Ventura et al. (2009) described the case of an 11-year-old boy who pre- 
sented with livedo and constitutional symptoms 1 week after the third dose 
of a hepatitis B vaccine. A skin biopsy revealed PAN. The patient had cir- 
culating immune complexes; no HBsAg was detected in the biopsy. Livedo 
persisted for at least 2 years. The timing of onset suggests a relationship to 
the vaccine, but the duration of symptoms is inconsistent with an immune 
complex disease of HBsAg and anti-HBsAg antibodies. 


Weight of Mechanistic Evidence 


While rare, PAN has been reported as a complication of natural hepa- 
titis B infection (Koziel and Thio, 2010). Furthermore, circulating immune 
complexes containing hepatitis B surface antigen (HBsAg) are thought to 
be the pathogenic antigen in extrahepatic manifestations, such as PAN, 
of hepatitis B infection (Cacoub and Terrier, 2009). However, HBsAg- 
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containing circulating immune complexes are also found in patients that 
do not develop vasculitis as a complication of hepatitis B infection (Tsai 
et al., 1998). The committee considers the effects of natural infection one 
type of mechanistic evidence. 

The four publications described above, when considered together, did 
not present evidence sufficient for the committee to conclude the vaccine 
may be a contributing cause of PAN after vaccination against hepatitis B. 
The cases of PAN diagnosed after vaccination against hepatitis B are similar 
to PAN following the natural infection with regards to the clinical mani- 
festations, biopsy findings, and seropositivity for antinuclear antibodies. 
However, the cases do not report HBsAg-containing circulating immune 
complexes. Furthermore, there is large variability in the latency between 
vaccination and the development of symptoms (1-32 weeks) and only one 
case of exacerbation of symptoms upon rechallenge with the vaccine. In 
addition, several of the publications report the persistence of symptoms 
beyond the time vaccine antigen would be present. Hepatitis B surface 
antigenemia has been documented to persist for up to 18 days following 
administration of a vaccine containing 20 pg of HBsAg; it is not clear an- 
tigen routinely persists beyond that time (Lunn et al., 2000). 

The laboratory observations, described above, suggest the formation 
of immune complexes as a mechanism for PAN after hepatitis B vaccina- 
tion. In addition, autoantibodies, T cells, and complement activation may 
contribute to the symptoms of vasculitis; however, the publications did not 
provide evidence linking these mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation 
of PAN as weak based on knowledge about the natural infection 
and three cases. 


Causality Conclusion 


Conclusion 8.21: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of PAN. 


ONSET OR EXACERBATION OF PSORIATIC ARTHRITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of onset or exacerbation of psoriatic arthritis after the admin- 
istration of hepatitis B vaccine. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


480 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and onset or exacerbation 
of psoriatic arthritis. 


Mechanistic Evidence 


The committee identified one report describing two cases of onset 
or exacerbation of psoriatic arthritis postvaccination against hepatitis B. 
Aherne and Collins (1995) did not provide evidence beyond temporality in 
the two cases and did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation of 
psoriatic arthritis as lacking. 


Causality Conclusion 


Conclusion 8.22: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of psoriatic arthritis. 


ONSET OR EXACERBATION OF REACTIVE ARTHRITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of onset or exacerbation of reactive arthritis after the adminis- 
tration of hepatitis B vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and onset or exacerbation 
of reactive arthritis. 


Mechanistic Evidence 


The committee identified 10 publications reporting onset or exacerba- 
tion of reactive arthritis postvaccination against hepatitis B. Eight publica- 
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tions did not provide evidence beyond temporality and did not contribute to 
the weight of mechanistic evidence (Biasi et al., 1994; Casals and Vasquez, 
1999; Cathebras et al., 1996; Christau and Helin, 1987; Ferrazzi et al., 
1997; Gross et al., 1995; Hassan and Oldham, 1994; Maillefert et al., 
1997). 

Described below are two publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Biasi et al. (1993) reported one case of a 41-year-old man, expressing 
the HLA-B27 haplotype, presenting with increasing pain, swelling, mobil- 
ity limitation of the knees, right shoulder, right wrist, and right metacarpal 
and metatarsophalangeal joints 15 days after the second dose of a hepatitis 
B vaccine. The patient also complained of pain in the lumbar and cervical 
column, functional distress, fever, and malaise. Six weeks or more postvac- 
cination the patient presented with arthritis and pain at the same sites. The 
patient was positive for circulating immune complexes and for antibodies 
to HBsAg. The patient was negative for Borrelia, Yersinia, and Chlamydia. 

Maillefert et al. (1999) reported five cases of reactive arthritis develop- 
ing postvaccination against hepatitis B in women ranging from 15-27 years 
of age. Symptoms developed after 2 and 12 days, and less than 1 month, 
1 month, and 2 months postvaccination. The symptoms worsened in three 
patients after an additional vaccination. One patient was positive for rheu- 
matoid factor. Two patients were positive for antinuclear antibodies. Two 
patients expressed the HLA-B27 haplotype. 


Weight of Mechanistic Evidence 


Reactive arthritis is a clinical condition classified among the group of 
spondyloarthropathies in which it is thought that infection triggers the de- 
velopment of symptoms that persist after the infection itself is eradicated. 
The onset of arthritis typically occurs several days to several weeks follow- 
ing either gastroenteritis or urethritis caused by certain specific organisms 
(Chlamydia trachomatis, Yersinia, Salmonella, Shigella, Campylobacter, 
and possibly Clostridium difficile and Chlamydia pneumoniae) (Toivanen 
and Toivanen, 2000). Approximately, 50 percent to 80 percent of reactive 
arthritis patients express HLA-B27 (Sieper, 2001). From experimentation 
in animal models, persistence of bacterial antigen or molecular mimicry 
in a susceptible host who expresses HLA-B27 have been hypothesized as 
mechanisms inducing autoreactive T cells against host articular structures 
(Sahlberg et al., 2009). 

The two publications described above, when considered together, did 
not present evidence sufficient for the committee to conclude the vaccine 
may be a contributing cause of reactive arthritis after vaccination against 
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hepatitis B. The publications provide very little information that would sup- 
port any particular mechanism for the development of reactive arthritis af- 
ter vaccination against hepatitis B. The vaccine rechallenge cases described 
above are compelling. There are, however, no studies of T cell reactivity 
to HBsAg. Furthermore, the latency between vaccination and the presenta- 
tion of symptoms varied considerably from 2 days to 2 months. Two days 
is short for the development of reactive arthritis based on the possible 
mechanisms involved. In one patient antibody to HBsAg was detected; no 
information is provided on the other five. One patient was shown to have 
immune complexes; however, reactive arthritis is not considered to be an 
immune complex-mediated disease. In addition, molecular mimicry may 
contribute to the symptoms of reactive arthritis; however, the publications 
did not provide evidence linking this mechanism to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation of 
reactive arthritis as weak based on four cases. 


Causality Conclusion 


Conclusion 8.23: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of reactive arthritis. 


ONSET OR EXACERBATION OF RHEUMATOID ARTHRITIS 


Epidemiologic Evidence 


The committee reviewed 10 studies to evaluate the risk of onset or 
exacerbation of rheumatoid arthritis after the administration of hepatitis B 
vaccine. Eight studies (Adverse Drug Reactions Advisory Committee, 1996; 
Caillard et al., 1985; Duclos, 1992; Geier and Geier, 2000, 2002a,b,c, 
2005) were not considered in the weight of epidemiologic evidence because 
they provided data from passive surveillance systems and lacked unvacci- 
nated comparison populations. One controlled study (Fisher et al., 2001) 
had very serious methodological limitations that precluded its inclusion in 
this assessment. Fisher et al. (2001) conducted a retrospective cohort study 
using data from the National Health Interview Survey, but did not provide 
a definition of the outcome and relied on self-reported diagnoses that could 
have biased the results. 

The one remaining controlled study (Elkayam et al., 2002) contributed 
to the weight of epidemiologic evidence and is described below. 

Elkayam et al. (2002) conducted a prospective cohort study in patients 
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with rheumatoid arthritis (RA) as defined by the American College of Rheu- 
matology criteria. Exclusion criteria included pregnancy, past vaccination 
allergy, and positive screening for hepatitis B surface antigen, antihepatitis 
B surface, or antihepatitis B core antibodies above the normal ranges. 
Patients who declined vaccination were assigned to the unexposed group, 
and patients who accepted vaccination were assigned to the exposed group. 
A total of 44 RA patients were enrolled in the study, 22 were vaccinated 
and 22 were not vaccinated. The vaccinated group received three doses of 
hepatitis vaccine at 0, 1, and 6 months. Clinical assessments and routine 
laboratory tests were performed before vaccination, and 2 and 7 months 
after vaccination. The different measurements of disease activity (daytime 
pain, morning stiffness, number of tender joints, number of swollen joints, 
Westergren erythrocyte sedimentation rate, and C reactive protein levels) 
were not statistically different among the vaccinated and unvaccinated 
groups at 0 weeks, 1 month, or 7 months. The authors concluded the 
hepatitis B vaccination is not associated with exacerbation of RA disease. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between hepatitis B vaccine and exacerbation 
of rheumatoid arthritis. 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and onset of rheumatoid 
arthritis. 


Mechanistic Evidence 


The committee identified eight publications reporting the onset of rheu- 
matoid arthritis postvaccination against hepatitis B. Geier and Geier (2004) 
did not provide evidence beyond temporality and did not contribute to the 
weight of mechanistic evidence. 

Described below are seven publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Biasi et al. (1994) reported one case of an 18-year-old girl, expressing 
the HLA-B27 haplotype, presenting with fever and fatigue 1 month after 
receiving the second dose of hepatitis B vaccine. One month after receiv- 
ing the third dose the patient presented with malaise, arthralgia, and heart 
rhythm disturbances. Waaler rose and rheumatoid tests were positive. 

Gross et al. (1995) reported one case of a 20-year-old woman, express- 
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ing the HLA-DR4 haplotype, presenting with swelling of the right wrist and 
two interphalangeal joints 4 days after receiving a hepatitis B vaccine. The 
patient developed the same symptoms after a second dose. 

Maillefert et al. (1999) reported six cases of rheumatoid arthritis de- 
veloping postvaccination against hepatitis B in women ranging from 25 to 
45 years of age. Symptoms developed 1, 2, 3, 10, 18, and 20 days postvac- 
cination. The symptoms worsened in four patients following subsequent 
vaccination; three after the second and third doses, one after the second 
dose. Four patients were positive for rheumatoid factor. Four patients were 
positive for antinuclear antibodies. Three patients expressed the HLA-DR4 
haplotype. 

Pope et al. (1998) reported 10 cases of rheumatoid arthritis develop- 
ing postvaccination against hepatitis B. Four cases were men and six were 
women. Nine cases were HLA DR1 or DR4 positive. Two cases did not 
develop antibodies to hepatitis B; four were not tested; four were positive 
for antibodies. Six cases were positive for rheumatoid factor. Two cases 
developed symptoms after the first and second doses of hepatitis B vaccines. 

Soubrier and colleagues (1997) describe a 37-year-old patient present- 
ing with hives days after administration of the first dose of hepatitis B 
vaccine. Days after receiving the third dose the patient presented with in- 
flammatory arthralgia of the hands, ankles, and feet progressing to erosive 
arthritis of the digits. 

Treves and colleagues (1997) describe a 43-year-old woman presenting 
with arthritis of the ankle 3 days after administration of the second dose 
of hepatitis B vaccine. Four days after administration of the third dose the 
patient presented with polyarthritis involving the wrists, fingers, knees, and 
ankles, and morning stiffness. The patient was negative for rheumatoid 
factor. 

Vautier and Carty (1994) describe one case of a 49-year-old woman 
presenting with oligoarthritis of the hands 24 hours after receiving the first 
dose of a hepatitis B vaccine. The symptoms developed into a symmetrical 
arthritis with stiffness of the metacarpophalangeal joints, wrists, hands, 
and ankles. The patient was positive for rheumatoid factor and HLA-DR4. 


Weight of Mechanistic Evidence 


Extrahepatic manifestations, including the development of arthralgia 
and polyarthritis, develop in 10-20 percent of patients with acute hepatitis 
and are thought to be mediated by circulating immune complexes (Koziel 
and Thio, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 

The seven publications described above, when considered together, 
did not present evidence sufficient for the committee to conclude the vac- 
cine may be a contributing cause of rheumatoid arthritis after vaccination 
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against hepatitis B. Two publications described latencies between adminis- 
tration of vaccine and development of symptoms the committee determined 
to be short based on the possible mechanisms involved (Soubrier et al., 
1997; Treves et al., 1997). While initially reported as such it is not clear 
that the patient described by Biasi et al. (1994) had arthritis. Furthermore, 
the case does not meet the definition for rheumatoid arthritis (Aletaha 
et al., 2010). Elements from these publications that are consistent with an 
immune complex mechanism as a cause of rheumatoid arthritis include la- 
tency of 2-4 weeks between vaccination and clinical disease, positive tests 
for rheumatoid factor, and recurrence or exacerbation of symptoms after 
vaccine rechallenge. The finding of certain HLA-DR4 extended haplotypes 
that are known to be associated with rheumatoid arthritis is difficult to 
interpret as it would characterize rheumatoid arthritis arising unrelated to 
prior vaccine. In no cases were immune complexes identified. In addition, 
it is not plausible to invoke immune complex—mediated disease from the 
vaccine as an etiology for rheumatoid arthritis in cases where symptoms 
persist over many years, after vaccine antigen would no longer be present. 
It would be necessary to posit that both immune complexes and molecular 
mimicry leading to autoantibodies and autoreactive T cells were operative, 
and no evidence for molecular mimicry was presented in any case. In addi- 
tion to immune complexes and molecular mimicry, autoantibodies, T cells, 
and complement activation may contribute to the symptoms of rheumatoid 
arthritis; however, the publications did not provide evidence linking these 
mechanisms to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation 
of rheumatoid arthritis as weak based on knowledge about the 
natural infection and 19 cases. 


Causality Conclusion 


Conclusion 8.24: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of rheumatoid arthritis. 


ONSET OR EXACERBATION OF JUVENILE 
IDIOPATHIC ARTHRITIS 
Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of onset or exacerbation of juvenile idiopathic arthritis after the 
administration of hepatitis B vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and onset or exacerbation 
of juvenile idiopathic arthritis. 


Mechanistic Evidence 


The committee identified four publications describing eight cases of 
onset or exacerbation of juvenile idiopathic arthritis following vaccination 
against hepatitis B. These publications contributed to the weight of mecha- 
nistic evidence and are described below. 

Bracci and Zoppini (1997) reported one case of a 9-year-old boy pre- 
senting with fever, fatigue, and polyarthritis involving the ankles, hands, 
feet, wrists, shoulders, and hips 3 weeks after receiving the second dose of 
a hepatitis B vaccine. Laboratory tests showed increased IgA, IgG, and IgM 
levels. The patient was negative for antinuclear antibodies and antistrep- 
tolysin O. Treatment with nonsteroidal anti-inflammatory drugs led to the 
resolution of symptoms within 3 months. 

Grasland et al. (1998) reported one case of adult onset Still’s disease 
in a 38-year-old woman presenting with fever, sore throat, maculopapular 
rash, and arthritis of the knees 10 days after the first dose of hepatitis B 
and hepatitis A vaccines. Serology was negative for Mycoplasma, Yersinia, 
Legionella, Chlamydia, Lyme disease, leptospirosis, hepatitis B and C, HIV, 
treponema pallidum haemagglutination (TPHA)-veneral disease research 
laboratory (VDRL), and parvovirus B19; no circulating immune complexes 
were detected. 

Sebag et al. (1998) reported one case of a 15-year-old child with a his- 
tory of relapsing-remitting juvenile idiopathic arthritis. At 4 years of age the 
patient presented with arthritis of the left ankle. The patient was positive 
for antinuclear antibodies at 1/200. The patient developed ocular manifes- 
tations in January 1992 and arthritis of the right knee in 1995. In July 1997 
with the disease in remission, antinuclear antibodies at 1/50, the patient 
received one dose of a hepatitis B vaccine. In August the patient presented 
with uveitis in the right eye. In September the patient developed an acute 
arthritis of the right knee after the second dose. The patient’s antinuclear 
antibody levels were 1/160. The authors did not report whether the patient 
developed antibodies to HBsAg. 

Sikora et al. (2000) reported five cases of disease exacerbation in 
patients receiving a hepatitis B vaccine. Case one describes a 14-year-old 
girl with an 11-year history of polyarthritis. The patient received the first 
and second doses without incident. Two months after the third dose the 
patient presented with clinical exacerbation of the disease. Case 2 describes 
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a 10-year-old child with a 7-year history of polyarthritis. Two days before 
vaccination the patient had a mild flare. Five days after receiving the first 
dose the patient presented with swelling in the left ankle and a left metatar- 
sal joint. The patient received the second and third doses without incident. 
Antinuclear antibody levels were 1/80 before vaccination, 1/160 after the 
second dose, and 1/320 after the third dose. Case 3 describes a 15-year-old 
child with oligoarthritis since 7 years of age. Four weeks after the second 
dose the patient presented with swelling of the left knee. Antinuclear anti- 
body levels were 1/160. Four months after the third dose the acute phase 
indicators were still high and swelling of the knees was visible. Case 4 
describes a 9-year-old child with a history of systemic disease. Five months 
after the second dose the patient experienced a respiratory tract infection 
with fever. Case 5 describes a 15-year-old child with a history of polyar- 
thritis. Acute phase indicators were low prior to vaccination. Six months 
after receiving the second dose the patient experienced a respiratory tract 
infection and swelling of the ankles, wrists, and joints of the hands. 


Weight of Mechanistic Evidence 


In 10-20 percent of patients, acute hepatitis B infection may manifest 
as a polyarthritis (Koziel and Thio, 2010). The committee considers the 
effects of natural infection one type of mechanistic evidence. 

The four publications described above, when considered together, did 
not present evidence sufficient for the committee to conclude the vaccine 
may be a contributing cause of juvenile idiopathic arthritis after vaccination 
against hepatitis B. Bracci and Zoppini (1997) and Grasland et al. (1998) 
present cases of new onset polyarticular juvenile idiopathic arthritis and 
new onset adult Still’s disease (systemic juvenile idiopathic arthritis) after 
administration of the first dose of a hepatitis B vaccine, respectively. The 
remaining cases present exacerbations of clinical signs and symptoms in 
patients with prior diagnoses of juvenile idiopathic arthritis. 

Juvenile idiopathic arthritis is a chronic relapsing and remitting condi- 
tion in which clinical flare-ups are known to occur following intercurrent 
viral infections, psychological stress, and physical stress. As such, the ex- 
acerbations reported in these case reports are not unique. Autoantibodies 
such as antinuclear antibodies and rheumatoid factor are sometimes, but 
not universally, found in patients with juvenile idiopathic arthritis. The 
latency between the development of symptoms after vaccination is quite 
variable, ranging from 5 days to 6 months. In addition, some of the juve- 
nile idiopathic arthritis patients tolerated one or more doses of the vaccine 
without disease exacerbation only to develop symptoms after the third 
dose. In contrast, disease exacerbation was reported in some of the juvenile 
idiopathic arthritis patients after the first dose of vaccine, but subsequent 
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doses were administered without incident. Furthermore, variable titers of 
antinuclear antibodies were reported after vaccination. 

Autoantibodies, T cells, complement activation, and bystander activa- 
tion may contribute to the symptoms of juvenile idiopathic arthritis; how- 
ever, the publications did not provide evidence linking these mechanisms 
to hepatitis B vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and onset or exacerbation of 
juvenile idiopathic arthritis as weak based on knowledge about the 
natural infection and eight cases. 


Causality Conclusion 


Conclusion 8.25: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and onset or exac- 
erbation of juvenile idiopathic arthritis. 


TYPE 1 DIABETES 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of type 1 dia- 
betes after the administration of hepatitis B vaccine. One study (Cherian 
et al., 2010) was not considered in the weight of epidemiologic evidence 
because it lacked an unvaccinated comparison population. 

The one remaining controlled study (DeStefano et al., 2001) contrib- 
uted to the weight of epidemiologic evidence and is described below. 

DeStefano et al. (2001) conducted a case-control study in children (10 
months to 10 years of age) enrolled in four HMOs participating in the 
VSD. A total of 252 type 1 diabetes cases and 768 matched controls were 
included in the analysis. The study required participants to be born in 1988 
through 1997, enrolled in the HMO since birth, and continuously enrolled 
for the first 6 months of life. Additionally, cases had to be enrolled at least 
12 months before diabetes diagnosis unless diagnosis occurred before 12 
months of age. The case index date was defined as the first date of type 1 
diabetes diagnosis in the medical record; controls were assigned the same 
index date as their matched case. At least three controls were matched 
to each case on sex, date of birth (within 7 days), HMO, and length of 
enrollment in the HMO (up to the index date). Trained chart abstractors 
obtained complete vaccination histories from the medical records. Vaccina- 
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tion histories were similar for the cases and controls with 44.0 percent and 
46.4 percent exposed to hepatitis B vaccine, respectively. The results of two 
conditional logistic regression models were provided: Model 1 stratified by 
the matching variables; Model 2 stratified by the matching variables and 
race, ethnicity, and family history of type 1 diabetes (additional variables 
obtained from medical records). The odds ratio for diabetes diagnosis 
any time after hepatitis B vaccination using Model 1 was 0.81 (95% CI, 
0.52-1.27), and using Model 2 it was 0.73 (95% CI, 0.45-1.19). Odds 
ratios were also provided for hepatitis B vaccination 0-14 days, 15-55 
days, and > 56 days before diabetes diagnosis; the odds ratios indicated no 
association between diabetes and the timing of vaccination. The authors 
concluded that vaccination with hepatitis B does not increase the risk of 
type 1 diabetes in children. 


Weight of Epidemiologic Evidence 


The committee has a moderate degree of confidence in the epide- 
miologic evidence based on a single study with sufficient validity 
and precision to assess an association between hepatitis B vaccine 
and type 1 diabetes; this study reports a null association. 


Mechanistic Evidence 


The committee identified one surveillance study reporting 28 cases of 
type 1 diabetes in persons who previously received hepatitis B vaccina- 
tion (Thivolet et al., 1999). The authors did not provide evidence beyond 
temporality, some too long or too short based on the possible mechanisms 
involved. Long latencies between vaccine administration and development 
of symptoms make it impossible to rule out other possible causes. The pub- 
lication did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, complement activation, and molecular mimicry 
may contribute to the symptoms of type 1 diabetes; however, the publi- 
cation did not provide evidence linking these mechanisms to hepatitis B 
vaccine. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between hepatitis B vaccine and type 1 diabetes as lacking. 
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Causality Conclusion 


Conclusion 8.26: The evidence is inadequate to accept or re- 
ject a causal relationship between hepatitis B vaccine and type 1 
diabetes.* 


FIBROMYALGIA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of fibromyalgia after the administration of hepatitis B vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between hepatitis B vaccine and fibromyalgia. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of fibromyalgia after administration of a hepatitis 
B vaccine. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between hepatitis B vaccine and fibromyalgia as lacking. 


Causality Conclusion 


Conclusion 8.27: The evidence is inadequate to accept or reject a 
causal relationship between hepatitis B vaccine and fibromyalgia. 


CONCLUDING SECTION 


Table 8-4 provides a summary of the epidemiologic assessments, mech- 
anistic assessments, and causality conclusions for hepatitis B vaccine. 





In order for the evidence to favor rejection of a causal relationship, the committee’s frame- 
work requires two or more epidemiologic studies with negligible limitations (indicating a 
null association or decreased risk) to reach a high degree of confidence in the epidemiologic 
evidence. Only one epidemiologic study with negligible methodological limitations that reports 
a null association is included in the weight of evidence for this causality conclusion. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


491 


poanuinuo2 








9jerpourrmojug (mu) 
əenbəperu] T -MO'T € ILIIPOW snpy ut 1049 Suneuyskuag isiy q sunedəH 
ojenbopeug 3uoN Suryoe'T I poxu uəIpjyo ur ssde[ow siso3o[pg o[dun[nj[N q suedazy 
ayenbapeuy 9uON Suppe] I pəvurT synpy ur asdejay sroro[pg ədu q sunedəH 
əjyenbəpeul ƏuoN Suryoe'T il pəxTurT UdIP[IYD ut 33ƏsuO srso1e[pg oJdnjnj]y g sunedəH 
əjenbəpeul 9uON| Sur] r pour] si[npy ut 33suO siso1o[pg o[dnjnjN q snnedopr 
ojenbopeug 3uoN Surge] 3uoN 1uəroujnsul egondo surjəoXuroməN g suuedəH 
»jenbopeug ƏuoN Supr] ya poarurT ,SununaN dO g sunedopn 
ojenbopeug I JLM ƏuoN 3uəroujnsul SsumpoÁAJA 9s1oAsue1[] g sunedopn 
9jerpourroju] 
oyenbopeug c -MO'] 9UON| juəroujnsul suijəXuro|eudəəouq pojeururssiq o3noy g sunedəH 
ayenbapeuy 3uoN Sure I pouurT somig q sunedon 
o1enbopeug 9uoN Suri 93uoN juoroggnsu Ayjedoyeydasuq q snunedəH 
Əyenbəpeul 3uoN Suryoe'T 3uoN quoloyynsuy sumeudoougq g sunedəH 
uorsnpuop JUƏUISSƏSSV — luətussəssV juouissossy juouissossy 3U9A 9SI9ApV IUIDDLA 
Ayyesney onstueydoyy əy} OHustueuƏS3] OISo|orupidq oui — orgo[oruropidq 


0} Sunnquuo? 
sasey 


0} Sunnquuo? 
səeIpnis 





UTILA q samedayy 
10} suorsn[ouo?) Áyjesnen pue *sjuourssessy onsiueuoojq *syuauissassy orgo[oruopidq jo Lewung +-g TT8V.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


492 





ayenbapeuy 9uON| Sur] 9uON| jusrgjnsu[  suuuuy onenosq jo uoneqi92exq JO su g sunedəH 
ojenbopeug € JLM ƏuoN jyuərujnsu[  ?sopoN suuejreA[oq uoneq195exq JO suo g sunedəH 
9jtrpourroju 
o1enbopeug TI -MO'] 9uON| quəroyznsu] SII[NISeA JO UoneqIvexg JO 398u() g sunedəH 
(uoneq1o»exo) 
ƏuoN 1uərujnsul 
(3əsuo) snsojeulou1Adq 
»jenbopeug I JLM I poxrurT sndn'TorumjsÁg jo uoneqdgooexq 10 j39su() g snnedopn 
o1enbopeug I JLM 9uONI juoronnsu ,UmsopoN eunugiArqp g sunedəH 
(spenprarpur 
ƏANISUƏS (s[enprarpur 
-jseoK ut) 9AnIsuos 
sjyjoddng -jstoÁ ut) 
K[dur»urauo?) OL Suonç 3uoN 1uəroujnsul sixejAydeuy gq sunedəH 
ayenbapeuy ƏuoN Sur] ƏuoN 1uərujnsul suunaN [enpejqg g sunedəH 
Kq1edoanouAToq 
ojenbopeug 3uoN Suryoe'T 3uoN juaroggnsu peieururssHq Árojeururepgu oruo1q? g sunedogp] 
oyenbopeug 9uON| surrey 3ƏuoN juəroujnsul əuroipuÁçs ərreg-urej|Im g sunedoH 
ayenbapeuy 3uoN Sure] I poxu UdIP[IYD urjusAq SuneurdAwog isy q sunedəH 
uorsnpuop juoulssassy ^ juouissossy juouissossy juouissossy JUAJ 9SI9ApV IUTA 
Ánjesneg onstueydoyy əy}  onsmueqoo[N NBoporwəpidg oui — orgo[oruropidq 


o) Sunnqiquoo 
SəƏsEƏ 


0} Sunnquuo? 
saps 





penunuo) p-8 TIqdV.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


493 


“QINILIIU] IYI JO MITAII SII UI JUIAD 9SI2Ape SITY] pa1oprsuoo IWW aq “osuods aq Aq oonrururoo au 01 peS1euo A]]eUIsIIO JOU qSnoupy ,. 





ayenbapeuy 


ayenbapeuy 


»jenbopeug 


o1enbopeug 


o1enbopeu 


ƏuoN 


ƏuoN 


SurjrT 


Supr] 


JLM 


JLM 
JEM 


ƏuoN 


L 


ƏuoN 


ƏuoN 


3uoN 


yuəroyznsu] 


(mu) 
se II POW 


juoroggnsug 


(a9suo) 
juarmgjnsu 


(uoneq1o»exo) 
panur 


1uəroujnsul 


vrg[|eAuroJq1d 


sojoqeiq 1 addy 


sguyuy onpedorp] 
əpuəanf jo uoneq92ex, JO SUO 


sayy 
proyeumMoyy jo uoneqJo»exTq JO JƏSuO 


SYYHY IALIA JO uonpeqiəo5exq 10 ISUQ 


q sunedəH 


q suneday 


q suneday 


q sunedəH 
q suneday 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


494 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


REFERENCES 


Adverse Drug Reactions Advisory Committee. 1996. Hepatitis B vaccines—musculoskeletal 
reactions. Australian Adverse Drug Reactions Bulletin 15(2). 

Agmon-Levin, N., Y. Zafrir, Z. Paz, T. Shilton, G. Zandman-Goddard, and Y. Shoenfeld. 
2009. Ten cases of systemic lupus erythematosus related to hepatitis B vaccine. Lupus 
18(13):1192-1197. 

Aherne, P., and M. Collins. 1995. Psoriatic arthropathy. Irish Medical Journal 88(2):72. 

Albitar, S., B. Bourgeon, R. Genin, M. Fen-Chong, P. N'Guyen, M. O. Serveaux, H. Atchia, 
and D. Schohn. 1997. Bilateral retrobulbar optic neuritis with hepatitis B vaccination. 
Nephrology Dialysis Transplantation 12(10):2169-2170. 

Aletaha, D., T. Neogi, A. J. Silman, J. Funovits, D. T. Felson, C. O. Bingham, 3rd, N. S. 
Birnbaum, G. R. Burmester, V. P. Bykerk, M. D. Cohen, B. Combe, K. H. Costenbader, 
M. Dougados, P. Emery, G. Ferraccioli, J. M. Hazes, K. Hobbs, T. W. Huizinga, A. 
Kavanaugh, J. Kay, T. K. Kvien, T. Laing, P. Mease, H. A. Menard, L. W. Moreland, 
R. L. Naden, T. Pincus, J. S. Smolen, E. Stanislawska-Biernat, D. Symmons, P. P. Tak, 
K. S. Upchurch, J. Vencovsky, F. Wolfe, and G. Hawker. 2010. 2010 rheumatoid arthritis 
classification criteria: An American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis and Rheumatism 62(9):2569-2581. 

Allen, M. B., P. Cockwell, and R. L. Page. 1993. Pulmonary and cutaneous vasculitis following 
hepatitis B vaccination. Thorax 48(5):580-581. 

Alter, H. J., R. H. Purcell, J. L. Gerin, W. T. London, P. M. Kaplan, V. J. McAuliffe, J. Wagner, 
and P. V. Holland. 1977. Transmission of hepatitis B to chimpanzees by hepatitis B sur- 
face antigen-positive saliva and semen. Infection and Immunity 16(3):928-933. 

Ascherio, A., S. M. Zhang, M. A. Hernan, M. J. Olek, P. M. Coplan, K. Brodovicz, and A. M. 
Walker. 2001. Hepatitis B vaccination and the risk of multiple sclerosis. New England 
Journal of Medicine 344(5):327-332. 

Ball, R., M. M. Braun, G. T. Mootrey, S. Ellenberg, S. Rastogi, C. Krueger, R. Wise, M. Niu, 
D. Davis, F. Varricchio, P. Perucci, T. DuVernoy, R. Chen, P. Haber, V. Pool, W. Wattigney, 
T. Strine, R. Pless, V. Caserta, and G. Evans. 2001. Safety data on meningococcal poly- 
saccharide vaccine from the Vaccine Adverse Event Reporting System. Clinical Infectious 
Diseases 32(9):1273-1280. 

Bancroft, W. H., R. M. Scott, W. T. Watson, and J. J. Karwacki. 1977. Transmission of hepati- 
tis B virus to gibbons by exposure to human saliva containing hepatitis B surface antigen. 
Journal of Infectious Diseases 135(1):79-85. 

Battaglia, A., and R. Valiani. 1992. Description of case of seizure following anti-hepatitis B 
immunization [in Italian]. Rassegna di Medicina Sperimentale 39(7-9):119-122. 

Beasley, R. P., L. Y. Hwang, G. C. Y. Lee, C. C. Lan, C. H. Roan, F. Y. Huang, and C. L. Chen. 
1983. Prevention of perinatally transmitted hepatitis B virus infections with hepatitis B 
immune globulin and hepatitis B vaccine. Lancet 2(8359):1099-1102. 

Begier, E. M., C. A. Langford, M. C. Sneller, R. P. Wise, R. Ball, and V. W. Group. 2004. 
Polyarteritis nodosa reports to the Vaccine Adverse Event Reporting System (VAERS): 
Implications for assessment of suspected vaccine-provoked vasculitis. Journal of Rheu- 
matology 31(11):2181-2188. 

Bellut, A., E. Laveine, W. Kaise, I. Vivard-Wallee, J. L. Schmutz, and A. Barbaud. 2001. Cuta- 
neous manifestations due to vaccines; Prospective study in Lorraine (France) [in French]. 
Nouvelles Dermatologiques 20(3):152-155. 

Beretta, L., M. Caronni, M. Vanoli, and R. Scorza. 2001. Churg-Strauss vasculitis with brain 
involvement following hepatitis B vaccination. Clinical and Experimental Rbeumatology 
19(6):757. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


HEPATITIS B VACCINE 495 


Biasi, D., A. Carletto, P. Caramaschi, A. Frigo, M. L. Pacor, D. Bezzi, and L. M. Bambara. 
1994. Rheumatic manifestations following hepatitis B vaccination. Two case reports [in 
Italian]. Recenti Progressi in Medicina 85(9):438-440. 

Biasi, D., G. De Sandre, L. M. Bambara, A. Carletto, P. Caramaschi, G. Zanoni, and G. 
Tridente. 1993. A new case of reactive arthritis after hepatitis B vaccination. Clinical and 
Experimental Rheumatology 11(2):215. 

Blumberg, B. S., and H. J. Alter. 1965. A “new” antigen in leukemia sera. Journal of the 
American Medical Association 191(7):541-546. 

Bohlke, K., R. L. Davis, S. M. Marcy, M. M. Braun, F. DeStefano, S. B. Black, J. P. Mullooly, 
and R. S. Thompson. 2003. Risk of anaphylaxis after vaccination of children and ado- 
lescents. Pediatrics 112(4):815-820. 

Bourgeais, A. M., M. X. Dore, A. Croue, C. Leclech, and J. L. Verret. 2003. Cutaneous poly- 
arteritis nodosa following hepatitis B vaccination [in French]. Annales de Dermatologie 
et de Venereologie 130(2 Pt 1):205-207. 

Bracci, M., and A. Zoppini. 1997. Polyarthritis associated with hepatitis B vaccination. British 
Journal of Rheumatology 36(2):300-301. 

Brinar, V. V., and C. M. Poser. 2008. Disseminated encephalomyelitis in adults. Clinical Neu- 
rology and Neurosurgery 110(9):913-918. 

Bui-Quang, D., E. Thomas, M. Riols, P. Levillain, D. Picaud, A. Sechet, M. Baron, and C. 
Verove. 1998. Cutaneous vasculitis after hepatitis B vaccination with recombinant vac- 
cine in a renal transplant recipient [in French]. Presse Medicale 27(26):1321-1323. 

Cabrera-Gomez, J. A., N. Echazabal-Santana, L. Garcia Gonzalez, A. M. Ramos Cedeno, 
M. O. Rodriguez Roque, O. Lopez Hernandez, J. A. Cabrera Nunez, J. Gonzalez De 
La Nuez, and L. Tellez. 2002. A severe episode in a patient with recurrent disseminated 
acute encephalitis due to vaccination against hepatitis B. For or against vaccination? [in 
Spanish]. Revista de Neurologia 34(4):358-363. 

Cacoub, P., and B. Terrier. 2009. Hepatitis B-related autoimmune manifestations. Rheumatic 
Diseases Clinics of North America 35(1):125-137. 

Caillard, J. F., C. Bastard, and P. Czernichow. 1985. Side effects of hepatitis B vaccination (a 
study in 1047 subjects at the CHR of Rouen) [in French]. LARC Medical 5(3):129-132. 

Casals, J. L., and M. A. Vasquez. 1999. Arthritis after hepatitis B vaccination [in Spanish]. 
Anales de Medicina Interna 16(11):601-602. 

Cathebras, P., O. Cartry, M. H. Lafage-Proust, A. Lauwers, S. Acquart, T. Thomas, and H. 
Rousset. 1996. Arthritis, hypercalcemia, and lytic bone lesions after hepatitis B vaccina- 
tion. Journal of Rheumatology 23(3):558-560. 

CDC (Centers for Disease Control and Prevention). 1991. Hepatitis B virus: A comprehen- 
sive strategy for eliminating transmission in the United States through universal child- 
hood vaccination: Recommendations of the immunization practices advisory committee 
(ACIP). Morbidity & Mortality Weekly Report 40(RR-13):1-19. 

CDC. 2005. A comprehensive immunization strategy to eliminate transmission of hepatitis B 
virus infection in the United States—recommendations of the Advisory Committee on Im- 
munization Practices (ACIP). Part 1: Immunization of infants, children, and adolescents. 
Morbidity & Mortality Weekly Report 54(RR16, Suppl. S):1-16, 17-23, 25-31. 

CDC. 2006. A comprehensive immunization strategy to eliminate transmission of hepatitis B 
virus infection in the United States—recommendations of the Advisory Committee on 
Immunization Practices (ACIP). Part II: Immunization of adults. Morbidity & Mortality 
Weekly Report 55(RR16, Suppl. S):1-16, 17-33. 

CDC. 2010. National, state, and local area vaccination coverage among children aged 19-35 
months—United States, 2009. Morbidity & Mortality Weekly Report 59(36):1171-1177. 

Chave, T., C. Neal, and R. Camp. 2003. Henoch-Schonlein purpura following hepatitis B 
vaccination. Journal of Dermatological Treatment 14(3):179-181. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


496 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Cherian, M. P., K. A. Al-Kanani, S. S. Al Qahtani, H. Yesurathinam, A. A. Mathew, V. S. 
Thomas, A. M. Mathew, and M. A. Abduljabbar. 2010. The rising incidence of type 1 
diabetes mellitus and the role of environmental factors—three decade experience in a 
primary care health center in Saudi Arabia. Journal of Pediatric Endocrinology and 
Metabolism 23(7):685-695. 

Christau, B., and P. Helin. 1987. Reactive arthritis following vaccination against hepatitis B 
[in Danish]. Ugeskrift for Laeger 149(28). 

Cockwell, P., M. B. Allen, and R. Page. 1990. Vasculitis related to hepatitis B vaccine. British 
Medical Journal 301(6763):1281. 

Confavreux, C., S. Suissa, P. Saddier, V. Bourdes, and S. Vukusic. 2001. Vaccinations and the 
risk of relapse in multiple sclerosis. New England Journal of Medicine 344(5):319-326. 

Cooper, G. S., M. A. Dooley, E. L. Treadwell, E. W. St. Clair, and G. S. Gilkeson. 2002. Risk 
factors for development of systemic lupus erythematosus: Allergies, infections, and family 
history. Journal of Clinical Epidemiology 55(10):982-989. 

Coutinho, R. A., N. Lelie, P. Albrechtvanlent, E. E. Reerinkbrongers, L. Stoutjesdijk, P. Dees, 
J. Nivard, J. Huisman, and H. W. Reesink. 1983. Efficacy of a heat inactivated hepatitis 
B vaccine in male-homosexuals: Outcome of a placebo controlled double-blind trial. 
British Medical Journal 286(6374):1305-1308. 

Creange, A., G. Temam, and J. P. Lefaucheur. 1999. Lumbosacral acute demyelinating poly- 
neuropathy following hepatitis B vaccination. Autoimmunity 30(3):143-146. 

de Carvalho, J. E, R. M. R. Pereira, and Y. Shoenfeld. 2008. Systemic polyarteritis nodosa 
following hepatitis B vaccination. European Journal of Internal Medicine 19(8):575-578. 

de Carvalho, J. E, and Y. Shoenfeld. 2008. Status epilepticus and lymphocytic pneumonitis 
following hepatitis B vaccination. European Journal of Internal Medicine 19(5):383-385. 

De Keyser, F., J. M. Naeyaert, P. Hindryckx, D. Elewaut, P. Verplancke, I. Peene, M. Praet, 
and E. Veys. 2000. Immune-mediated pathology following hepatitis B vaccination. Two 
cases of polyarteritis nodosa and one case of pityriasis rosea-like drug eruption. Clinical 
and Experimental Rbeumatology 18(1):81-85. 

Deisenhammer, F., P. Pohl, S. Bosch, and C. Schmidauer. 1994. Acute cerebellar ataxia after 
immunisation with recombinant hepatitis B vaccine. Acta Neurologica Scandinavica 
89(6):462-463. 

Delbrel, X., J. Fach, D. Neau, M. Le Bras, and M. Longy Boursier. 1998. Lupus flare-up after 
hepatitis B vaccination [in French]. Presse Medicale 27(6):260. 

DeStefano, F., J. P. Mullooly, C. A. Okoro, R. T. Chen, S. M. Marcy, J. I. Ward, C. M. Vadheim, 
S. B. Black, H. R. Shinefield, R. L. Davis, and K. Bohlke. 2001. Childhood vaccinations, 
vaccination timing, and risk of type 1 diabetes mellitus. Pediatrics 108(6):E112. 

DeStefano, E, T. Verstraeten, L. A. Jackson, C. A. Okoro, P. Benson, S. B. Black, H. R. Shinefield, 
J. P. Mullooly, W. Likosky, and R. T. Chen. 2003. Vaccinations and risk of central nervous 
system demyelinating diseases in adults. Archives of Neurology 60(4):504-509. 

DeStefano, F., E. S. Weintraub, and R. T. Chen. 2005. Recombinant hepatitis B vaccine and 
the risk of multiple sclerosis: A prospective study. Neurology 64(7):1317-1318. 

DiMiceli, L., V. Pool, J. M. Kelso, S. V. Shadomy, and J. Iskander. 2006. Vaccination of yeast 
sensitive individuals: Review of safety data in the US Vaccine Adverse Event Reporting 
System (VAERS). Vaccine 24(6):703-707. 

Dobson, S., D. Scheifele, and A. Bell. 1995. Assessment of a universal, school-based hepatitis B 
vaccination program. Journal of the American Medical Association 274(15):1209-1213. 

Drucker, Y., R. A. Prayson, A. Bagg, and L. H. Calabrese. 1997. Lymphocytic vasculitis pre- 
senting as diffuse subcutaneous edema after hepatitis B virus vaccine. Journal of Clinical 
Rheumatology 3(3):158-161. 

Duclos, P. 1992. Adverse events after hepatitis B vaccination. Canadian Medical Association 
Journal 147(7):1023-1026. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


HEPATITIS B VACCINE 497 


Edmunds, W. J., G. F. Medley, D. J. Nokes, A. J. Hall, and H. C. Whittle. 1993. The influ- 
ence of age on the development of the hepatitis B carrier state. Proceedings of the Royal 
Society of London Series B-Biological Sciences 253(1337):197-201. 

Elkayam, O., M. Yaron, and D. Caspi. 2002. Safety and efficacy of vaccination against 
hepatitis B in patients with rheumatoid arthritis. Annals of the Rheumatic Diseases 
61(7):623-625. 

Erguven, M., S. Guven, U. Akyuz, O. Bilgic, and F. Laloglu. 2009. Optic neuritis following 
hepatitis B vaccination in a 9-year-old girl. Journal of the Chinese Medical Association 
72(11):594-597. 

Ferrazzi, V., C. Jorgensen, and J. Sany. 1997. Inflammatory joint disease after immunizations. 
A report of two cases. Revue du Rhumatisme. English Edition 64(4):227-232. 

Finielz, P., L. F. Lam-Kam-Sang, and J. Guiserix. 1998. Systemic lupus erythematosus and 
thrombocytopenic purpura in two members of the same family following hepatitis B 
vaccine. Nephrology Dialysis Transplantation 13(9):2420-2421. 

Fisher, M. A., S. A. Eklund, S. A. James, and X. Lin. 2001. Adverse events associated with 
hepatitis B vaccine in U.S. children less than six years of age, 1993 and 1994. Annals of 
Epidemiology 11(1):13-21. 

Fonseca, L. E, T. R. Noce, M. L. Teixeira, A. L. Teixeira, Jr., and M. A. Lana-Peixoto. 2003. 
Early-onset acute transverse myelitis following hepatitis B vaccination and respiratory 
infection: Case report. Arquivos de Neuro-Psiquiatria 61(2A):265-268. 

Fourrier, A., B. Begaud, A. Alperovitch, M. H. Verdier-Taillefer, E. Touze, N. Decker, and J. L. 
Imbs. 2001. Hepatitis B vaccine and first episodes of central nervous system demyelinat- 
ing disorders: A comparison between reported and expected number of cases. British 
Journal of Clinical Pharmacology 51(5):489-490. 

Ganem, D., and A. M. Prince. 2004. Mechanisms of disease: Hepatitis B virus infection— 
natural history and clinical consequences. New England Journal of Medicine 350(11): 
1118-1129. 

Geier, D. A., and M. R. Geier. 2002a. Hepatitis B vaccination and arthritic adverse reactions: 
A followup analysis of the Vaccine Adverse Events Reporting System (VAERS) database. 
Clinical and Experimental Rheumatology 20(1):119. 

Geier, D. A., and M. R. Geier. 2002b. A one year followup of chronic arthritis follow- 
ing rubella and hepatitis B vaccination based upon analysis of the Vaccine Adverse 
Events Reporting System (VAERS) database. Clinical and Experimental Rheumatology 
20(6):767-771. 

Geier, D. A., and M. R. Geier. 2005. A case-control study of serious autoimmune adverse 
events following hepatitis B immunization. Autoimmunity 38(4):295-301. 

Geier, M. R., and D. A. Geier. 2000. Arthritic reactions following hepatitis B vaccination: 
An analysis of the Vaccine Adverse Events Reporting System (VAERS) data from 1990 
through 1997. Clinical and Experimental Rheumatology 18(6):789-790. 

Geier, M. R., and D. A. Geier. 2002c. Hepatitis B vaccination safety. Annals of Pharmaco- 
therapy 36(3):370-374. 

Geier, M. R., and D. A. Geier. 2004. A case-series of adverse events, positive re-challenge of 
symptoms, and events in identical twins following hepatitis B vaccination: Analysis of the 
Vaccine Adverse Event Reporting System (VAERS) database and literature review. Clini- 
cal and Experimental Rheumatology 22(6):749-755. 

Goolsby, P. L. 1989. Erythema-nodosum after Recombivax-HB hepatitis B vaccine. New 
England Journal of Medicine 321(17):1198-1199. 

Grasland, A., F. Le Maitre, J. Pouchot, P. Hazera, C. Bazin, and P. Vinceneux. 1998. Adult 
Still’s disease after hepatitis A and B vaccination? [in French]. Revue de Medecine Interne 
19(2):134-136. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


498 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Grezard, P., M. Chefai, V. Philippot, H. Perrot, and M. Faisant. 1996. Cutaneous lupus 
erythematosus and buccal aphthosis following hepatitis B vaccination in a 6 year-old boy 
[in French]. Annales de Dermatologie et de Venereologie 123(10):657-659. 

Gross, K., C. Combe, K. Kruger, and M. Schattenkirchner. 1995. Arthritis after hepatitis B 
vaccination. Report of three cases. Scandinavian Journal of Rheumatology 24(1):50-52. 

Guiserix, J. 1996. Systemic lupus erythematosus following hepatitis B vaccine. Nephron 
74(2):441. 

Hamard, H., P. Hamard, P. Gohier, B. Roussat, D. Doummar, and M. T. Iba-Zizen. 2000. Idio- 
pathic acute optic neuropathies in children [in French]. Bulletin de Academie Nationale 
de Medecine 184(7):1511-1521. 

Hartman, S. 1990. Convulsion associated with fever following hepatitis B vaccination. Journal 
of Paediatrics and Child Health 26(1):65. 

Hassan, W., and R. Oldham. 1994. Reiter’s syndrome and reactive arthritis in health care 
workers after vaccination. British Medical Journal 309(6947):94. 

Hernan, M. A., S. S. Jick, M. J. Olek, and H. Jick. 2004. Recombinant hepatitis B vaccine and 
the risk of multiple sclerosis: A prospective study. Neurology 63(5):838-842. 

Herroelen, L., J. de Keyser, and G. Ebinger. 1991. Central-nervous-system demyelination 
after immunisation with recombinant hepatitis B vaccine. Lancet 338(8776):1174-1175. 

Hocine, M. N., C. P. Farrington, E. Touze, H. J. Whitaker, A. Fourrier, T. Moreau, and P. 
Tubert-Bitter. 2007. Hepatitis B vaccination and first central nervous system demyelinat- 
ing events: Reanalysis of a case-control study using the self-controlled case series method. 
Vaccine 25(31):5938-5943. 

Hyams, K. C. 1995. Risks of chronicity following acute hepatitis B virus-infection: A review. 
Clinical Infectious Diseases 20(4):992-1000. 

Iniguez, C., J. A. Mauri, P. Larrode, J. Lopez del Val, I. Jerico, and F. Morales. 2000. Acute 
transverse myelitis secondary to hepatitis B vaccination [in Spanish]. Revista de Neuro- 
logia 31(5):430-432. 

Jacobi, D., F. Maillot, C. Hommet, S. Arsene, J. P. Cottier, F. Lamisse, and L. Guillevin. 2005. 
P-ANCA cranial pachymeningitis: A case report. Clinical Rheumatology 24(2):174-177. 

Journe, E, F. Deschamps, and M. L. Germain. 1995. Vascularitis and vaccination against 
hepatitis B [in French]. Archives des Maladies Professionnelles et de Medecine du Travail 
56(1):48. 

Kakar, A., and P. K. Sethi. 1997. Guillain Barré syndrome associated with hepatitis B vaccina- 
tion. Indian Journal of Pediatrics 64(5):710-712. 

Karaali-Savrun, E, A. Altintas, S. Saip, and A. Siva. 2001. Hepatitis B vaccine related-myelitis? 
European Journal of Neurology 8(6):711-715. 

Kaygusuz, S., A. K. Erdemoglu, and I. Koksal. 2002. Afebrile convulsion in an adult af- 
ter recombinant hepatitis B vaccination. Scandinavian Journal of Infectious Diseases 
34(4):314-315. 

Kerleau, J. M., H. Levesque, G. Lair, F. Lecomte, O. Carrara, and H. Courtois. 1997. Is hepa- 
titis B vaccination a new cause of necrotizing vasculitis? [in French]. Revue de Medecine 
Interne 18(6):491-492. 

Khamaisi, M., Y. Shoenfeld, and H. Orbach. 2004. Guillain-Barré syndrome following hepa- 
titis B vaccination. Clinical and Experimental Rheumatology 22(6):767-770. 

Konstantinou, D., C. Paschalis, T. Maraziotis, P. Dimopoulos, H. Bassaris, and A. Skoutelis. 
2001. Two episodes of leukoencephalitis associated with recombinant hepatitis B vac- 
cination in a single patient. Clinical Infectious Diseases 33(10):1772-1773. 

Koziel, M. J., and C. L. Thio. 2010. Hepatitis B virus and hepatitis delta virus. In Mandell, 
Douglas, and Bennett's principles and practice of infectious diseases. 7th ed. 2 vols. Vol. 
2, edited by G. L. Mandell, J. E. Bennett, and R. Dolin. Philadelphia, PA: Churchill 
Livingstone Elsevier. Pp. 2059-2086. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


HEPATITIS B VACCINE 499 


Krugman, S. 1974. Viral-hepatitis and hepatitis B antigen—recent advances. Postgraduate 
Medical Journal 50(584):327-333. 

Krugman, S., and J. P. Giles. 1973. Viral-hepatitis, type B (MS-2-strain)—further observations 
on natural-history and prevention. New England Journal of Medicine 288(15):755-760. 

Krugman, S., L. R. Overby, I. K. Mushahwar, C. M. Ling, G. G. Frosner, and F. Deinhardt. 
1979. Viral-hepatitis, type-B—studies on natural-history and prevention reexamined. 
New England Journal of Medicine 300(3):101-106. 

Le Goff, P., P. Fauquert, P. Youinou, and S. Hoang. 1988. Periarteritis nodosa following im- 
munization against hepatitis B [in French]. Presse Medicale 17(34):1763. 

Le Goff, P., P. Fauquert, P. Youinou, and S. Hoang. 1991. Periarteritis nodosa (PAN) following 
vaccine against hepatitis B [in French]. Rhumatologie 43(3):79. 

Le Hello, C., P. Cohen, M. G. Bousser, P. Letellier, and L. Guillevin. 1999. Suspected hepatitis 
B vaccination related vasculitis. Journal of Rheumatology 26(1):191-194. 

Lewis, E., H. R. Shinefield, B. A. Woodruff, S. B. Black, F. Destefano, R. T. Chen, and R. 
Ensor. 2001. Safety of neonatal hepatitis B vaccine administration. Pediatric Infectious 
Disease Journal 20(11):1049-1054. 

Llobat Estelles, T., M. J. Benlloch Muncharaz, L. Santos Serrano, J. M. Paricio Talayero, 
J. Martin Ruano, and M. Grieco Burucua. 1995. Hepatitis B vaccine associated with 
erythema nodosum. A case report [in Spanish]. Anales Espanoles de Pediatria 42(2):149. 

Lunn, E. R., B. J. Hoggarth, and W. J. Cook. 2000. Prolonged hepatitis B surface antigenemia 
after vaccination. Pediatrics 105(6):E81. 

Mahassin, E, J. P. Algayres, J. Valmary, H. Bili, G. Coutant, D. Bequet, and J. P. Daly. 
1993. Acute myelitis following hepatitis B vaccination [in French]. Presse Medicale 
22(40):1997-1998. 

Maillefert, J. E, P. Farge, M. P. Gazet-Maillefert, and C. Tavernier. 1997. Mental nerve neu- 
ropathy as a result of hepatitis B vaccination. Oral Surgery, Oral Medicine, Oral Pathol- 
ogy, Oral Radiology, & Endodontics 83(6):663-664. 

Maillefert, J. F., J. Sibilia, E. Toussirot, E. Vignon, J. P. Eschard, B. Lorcerie, R. Juvin, N. 
Parchin-Geneste, C. Piroth, D. Wendling, J. L. Kuntz, C. Tavernier, and P. Gaudin. 1999. 
Rheumatic disorders developed after hepatitis B vaccination. Rheumatology 38(10): 
978-983. 

Maillefert, J. F, C. Tavernier, J. Sibilia, and E. Vignon. 2000. Exacerbation of systemic lupus 

erythematosus after hepatitis B vaccination: Comment on the article by Battafarano et al. 

and the letter by Senecal et al. Arthritis and Rheumatism 43(2):468-469. 

Mamoux, V., and C. Dumont. 1994. Systemic lupus erythematosus and vaccination against 

hepatitis B virus [in French]. Archives de Pediatrie 1(3):307-308. 

Manna, R., A. De Santis, A. Oliviero, A. Carnevale, S. Caputo, M. Pahor, A. Laudisio, and 

G. Gasbarrini. 1996. Leukoencephalitis after recombinant hepatitis B vaccine. Journal 

of Hepatology 24(6):764-765. 

Masse, I., and M. C. Descoffres. 1998. Hypersensitivity vasculitis after hepatitis B vaccination 

[in French]. Presse Medicale 27(20):965-966. 

Mast, E. E., and J. W. Ward. 2008. Chapter 13. Hepatitis B vaccines. In Vaccines, edited by 

S. A. Plotkin, W. A. Orenstein, and P. A. Offit. Philadelphia, PA: Saunders/Elsevier. 

Mathieu, E., O. Fain, and A. Krivitzky. 1996. Cryoglobulinemia after hepatitis B vaccination. 

New England Journal of Medicine 335(5):355. 

McLean, A. A., M. R. Hilleman, W. J. McAleer, and E. B. Buynak. 1983. Summary of world- 

wide clinical-experience with H-B-Vax (B, MSD). Journal of Infection 7(Suppl. 1):95-104. 

McMahon, B. J., W. L. M. Alward, D. B. Hall, W. L. Heyward, T. R. Bender, D. P. Francis, 
and J. E. Maynard. 1985. Acute hepatitis B virus-infection: Relation of age to the clinical 
expression of disease and subsequent development of the carrier state. Journal of Infec- 
tious Diseases 151(4):599-603. 





Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


500 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Mikaeloff, Y., G. Caridade, S. Assi, M. Tardieu, and S. Suissa. 2007a. Hepatitis B vaccine 
and risk of relapse after a first childhood episode of CNS inflammatory demyelination. 
Brain 130(4):1105-1110. 

Mikaeloff, Y., G. Caridade, M. Rossier, S. Suissa, and M. Tardieu. 2007b. Hepatitis B vac- 

cination and the risk of childhood-onset multiple sclerosis. Archives of Pediatrics & 

Adolescent Medicine 161(12):1176-1182. 

Mikaeloff, Y., G. Caridade, S. Suissa, and M. Tardieu. 2009. Hepatitis B vaccine and the risk 

of CNS inflammatory demyelination in childhood. Neurology 72(10):873-880. 

Miron, D., D. Fink, and P. J. Hashkes. 2003. Kawasaki disease in an infant following immuni- 

sation with hepatitis B vaccine. Clinical Rheumatology 22(6):461-463. 

Niu, M. T., D. M. Davis, and S. Ellenberg. 1996. Recombinant hepatitis B vaccination of 
neonates and infants: Emerging safety data from the Vaccine Adverse Event Reporting 
System. Pediatric Infectious Disease Journal 15(9):771-776. 

Payne, D. C., C. E. Rose, J. Kerrison, A. Aranas, S. Duderstadt, and M. M. McNeil. 2006. 
Anthrax vaccination and risk of optic neuritis in the United States military, 1998-2003. 
Archives of Neurology 63(6):871-875. 

Peng, M. M., and H. Jick. 2004. A population-based study of the incidence, cause, and severity 
of anaphylaxis in the United Kingdom. Archives of Internal Medicine 164(3):317-319. 

Pirmohamed, M., and P. Winstanley. 1997. Hepatitis B vaccine and neurotoxicity. Postgradu- 
ate Medical Journal 73(861):462-463. 

Planchamp, F., K. A. Nguyen, T. Vial, S. Nasri, E. Javouhey, Y. Gillet, B. Ranchin, F. Villard, 
D. Floret, P. Cochat, F. Gueyffier, and B. Kassai. 2009. Active drug monitoring of adverse 
drug reactions in pediatric emergency department [in French]. Archives de Pediatrie 
16(2):106-111. 

Poirriez, J. 2004. A preliminary experiment of absorption of antinuclear antibodies by the 
hepatitis B vaccine components, in a case of neurolupus. Vaccine 22(23-24):3166-3168. 

Polish, L. B., C. N. Shapiro, F. Bauer, P. Klotz, P. Ginier, R. R. Roberto, H. S. Margolis, and 
M. J. Alter. 1992. Nosocomial transmission of hepatitis B virus association with the use 
of spring-loaded fingerstick device. New England Journal of Medicine 326(11):721-725. 

Pope, J. E., A. Stevens, W. Howson, and D. A. Bell. 1998. The development of rheumatoid 
arthritis after recombinant hepatitis B vaccination. Journal of Rheumatology 25(9): 
1687-1693. 

Prince, A. M. 1968. An antigen detected in the blood during the incubation period of serum 
hepatitis. Proceedings of the National Academy of Sciences of the United States of 
America 60(3):814-821. 

Pritchard, J., R. Mukherjee, and R. A. C. Hughes. 2002. Risk of relapse of Guillain-Barré 
syndrome or chronic inflammatory demyelinating polyradiculoneuropathy following im- 
munization. Journal of Neurology, Neurosurgery, and Psychiatry 73(3):348-349. 

Purcell, R. H., and J. L. Gerin. 1975. Hepatitis B subunit vaccine: Preliminary report of 
safety and efficacy tests in chimpanzees. American Journal of the Medical Sciences 
270(2):395-399. 

Ramagopalan, S. V., W. Valdar, D. A. Dyment, G. C. Deluca, I. M. Yee, G. Giovannoni, G. C. 
Ebers, and A. D. Sadovnick. 2009. Association of infectious mononucleosis with multiple 
sclerosis. Neuroepidemiology 32(4):257-262. 

Renard, J. L., J. S. Guillamo, J. M. Ramirez, H. Taillia, D. Felten, and Y. Buisson. 1999. Acute 
cervical transverse myelitis after anti-hepatitis B vaccination: Time course of anti-HBs 
antibodies [in French]. Presse Medicale 28(24):1290-1292. 

Rogalewski, A., J. Kraus, M. Hasselblatt, C. Kraemer, and W. R. Schabitz. 2007. Improvement 

of advanced postvaccinal demyelinating encephalitis due to plasmapheresis. Neuropsy- 

chiatric Disease and Treatment 3(6):987-991. 





Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


HEPATITIS B VACCINE 501 


Rogerson, S. J., and F. J. Nye. 1990. Hepatitis B vaccine associated with erythema nodosum 
and polyarthritis. British Medical Journal 301(6747):345. 

Roussat, B., P. Gohier, D. Doummar, M. T. Iba-Zizen, V. Barbat, D. Jarry, E. A. Cabanis, 
H. Hamard, and J. P. Nordmann. 2001. Acute optic neuritis in children: Clinical fea- 
tures and treatment. A study of 20 cases (28 eyes) [in French]. Journal Francais d 
Opbtalmologie 24(1):36-44. 

Saadoun, D., P. Cacoub, D. Mahoux, A. Sbai, and J. C. Piette. 2001. Vasculitis compli- 
cating vaccination: A report of three cases [in French]. Revue de Medecine Interne 
22(2):172-176. 

Sadovnick, A. D., and D. W. Scheifele. 2000. School-based hepatitis B vaccination programme 
and adolescent multiple sclerosis. Lancet 355(9203):549-550. 

Sahlberg, A. S., K. Granfors, and M. A. Penttinen. 2009. HLA-b27 and host-pathogen interac- 
tion. Advances in Experimental Medicine and Biology 649:235-244. 

Santoro, D., M. Stella, G. Montalto, and S. Castellino. 2007. Lupus nephritis after hepatitis B 
vaccination: An uncommon complication. Clinical Nephrology 67(1):61-63. 

Schessl, J., B. Luther, J. Kirschner, G. Mauff, and R. Korinthenberg. 2006. Infections and vac- 
cinations preceding childhood Guillain-Barré syndrome: A prospective study. European 
Journal of Pediatrics 165(9):605-612. 

Scott, R. M., R. Snitbhan, W. H. Bancroft, H. J. Alter, and M. Tinpalapong. 1980. Experimen- 
tal transmission of hepatitis B virus by semen and saliva. Journal of Infectious Diseases 
142(1):67-71. 

Sebag, O., G. Bolla, B. Bebin, and F. Sebag. 1998. Exacerbation of chronic juvenile arthritis 
induced by hepatitis B vaccination [in French]. Archives de Pediatrie 5(9):1046. 

Senecal, J. L., C. Bertrand, and F. Coutlee. 1999. Severe exacerbation of systemic lupus 
erythematosus after hepatitis B vaccination and importance of pneumococcal vaccination 
in patients with autosplenectomy: Comment on the article by Battafarano et al. Arthritis 
c& Rheumatism 42(6):1307-1308. 

Senejoux, A., D. Roulot, C. Belin, L. Tsakiris, J. Rautureau, and T. Coste. 1996. Acute 
myelitis after immunization against hepatitis B with recombinant vaccine [in French]. 
Gastroenterologie Clinique et Biologique 20(4):401-402. 

Seti, N. K., R. Reddi, I. Anand, and P. K. Sethi. 2002. Gulliane Barré syndrome following 
vaccination with hepatitis B vaccine. Journal of the Association of Physicians of India 
50:989. 

Shapiro, C. N. 1993. Epidemiology of hepatitis B. Pediatric Infectious Disease Journal 12(5): 
433-437. 

Sieper, J. 2001. Pathogenesis of reactive arthritis. Current Rheumatology Reports 3(5):412-418. 

Sikora, A., H. Brozik, D. Chlebna-Sokol, D. Kardas-Sobantka, M. Biernacka, E. Smolewska, 
and E. Polakowska. 2000. Vaccination against virus hepatitis B in children with con- 
nective tissue diseases part I. Safety of vaccination against hepatitis type B in children 
with chronic juvenile arthritis and other connective tissue diseases [in Polish]. Przeglad 
Pediatryczny 30(4):292-297. 

Sinsawaiwong, S., and P. Thampanitchawong. 2000. Guillain-Barré syndrome following re- 
combinant hepatitis B vaccine and literature review. Journal of the Medical Association 
of Thailand 83(9):1124-1126. 

Souayah, N., A. Nasar, M. F. K. Suri, and A. I. Qureshi. 2007. Guillain-Barré syndrome after 
vaccination in United States a report from the CDC/FDA Vaccine Adverse Event Report- 
ing System. Vaccine 25(29):5253-5255. 

Souayah, N., A. Nasar, M. F. K. Suri, and A. I. Qureshi. 2009. Guillain-Barré syndrome after 
vaccination in United States: Data from the Centers for Disease Control and Prevention/ 
Food and Drug Administration Vaccine Adverse Event Reporting System (1990-2005). 
Journal of Clinical Neuromuscular Disease 11(1):1-6. 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


502 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Soubeyrand, B., F. Boisnard, M. Bruel, H. Debois, D. Delattre, A. Gauthier, S. Soum, and C. 
Thebault. 2000. Central nervous system demyelinating disease following hepatitis B vac- 
cination with GenHevac B. Review of ten years of spontaneous notifications (1989-1998) 
[in French]. Presse Medicale 29(14):775-780. 

Soubrier, M., J. J. Dubost, C. Bielsa, J. M. Ristori, and J. L. Bussiere. 1997. Erosive polyar- 
thritis triggered by vaccination against hepatitis B [in French]. Presse Medicale 26(2):75. 

Stewart, O., B. Chang, and J. Bradbury. 1999. Simultaneous administration of hepatitis B and 
polio vaccines associated with bilateral optic neuritis. British Journal of Ophthalmology 
83(10):1200-1201. 

Tartaglino, L. M., T. Heiman-Patterson, D. P. Friedman, and A. E. Flanders. 1995. MR 
imaging in a case of postvaccination myelitis. American Journal of Neuroradiology 
16(3):581-582. 

Terney, D., S. Beniczky, P. Barsi, I. Kondakor, J. Perenyi, A. Faludi, M. Szapper, and L. Vecsei. 
2006. Multiple sclerosis after hepatitis B vaccination in a 16-year-old patient. Chinese 
Medical Journal 119(1):77-79. 

Thivolet, C., B. Vialettes, C. Boitard, and J. Bringer. 1999. No evidence that anti hepati- 
tis B vaccine causes insulin dependent diabetes [in French]. Diabetes and Metabolism 
25(5):441-445. 

Toivanen, A., and P. Toivanen. 2000. Reactive arthritis. Current Opinion in Rheumatology 
12(4):300-305. 

Tourbah, A., O. Gout, R. Liblau, O. Lyon-Caen, C. Bougniot, M. T. Iba-Zizen, and E. A. 
Cabanis. 1999. Encephalitis after hepatitis B vaccination: Recurrent disseminated en- 
cephalitis or MS? Neurology 53(2):396-401. 

Touze, E., A. Fourrier, C. Rue-Fenouche, V. Ronde-Oustau, I. Jeantaud, B. Begaud, and A. 
Alperovitch. 2002. Hepatitis B vaccination and first central nervous system demyelinating 
event: A case-control study. Neuroepidemiology 21(4):180-186. 

Touze, E., O. Gout, M. H. Verdier-Taillefer, O. Lyon-Caen, and A. Alperovitch. 2000. First 
episode of central nervous system demyelination and hepatitis B vaccination: A pilot case 
control study [in French]. Revue Neurologique 156(3):242-246. 

Treves, R., L. Lacoste, D. Bontoux, E. Pitrou, P. Bertin, and C. Bonnet. 1997. Erosive nodular 
rheumatoid arthritis triggered by hepatitis B vaccination [in French]. Presse Medicale 
26(14):670. 

Tsai, J. E, H. S. Margolis, J. E. Jeng, M. S. Ho, W. Y. Chang, M. Y. Hsieh, Z. Y. Lin, and 
J. H. Tsai. 1998. Immunoglobulin- and hepatitis B surface antigen-specific circulating 
immune complexes in chronic hepatitis B virus infection. Clinical Immunology and Im- 
munopathology 86(3):246-251. 

Tudela, P., S. Marti, and J. Bonal. 1992. Systemic lupus erythematosus and vaccination against 
hepatitis B. Nephron 62(2):236. 

Tuohy, P. G. 1989. Guillain-Barré syndrome following immunisation with synthetic hepatitis 
B vaccine. New Zealand Medical Journal 102(863):114-115. 

Vanoli, M., D. Gambini, and R. Scorza. 1998. A case of Churg-Strauss vasculitis after hepatitis 
B vaccination. Annals of the Rheumatic Diseases 57(4):256-257. 

Vautier, G., and J. E. Carty. 1994. Acute sero-positive rheumatoid arthritis occurring after 
hepatitis vaccination. British Journal of Rheumatology 33(10):991. 

Ventura, E, H. Antunes, C. Brito, F. Pardal, T. Pereira, and A. P. Vieira. 2009. Cutaneous 
polyarteritis nodosa in a child following hepatitis B vaccination. European Journal of 
Dermatology 19(4):400-401. 

Verstraeten, T., D. Descamps, M. P. David, T. Zahaf, K. Hardt, P. Izurieta, G. Dubin, and T. 
Breuer. 2008. Analysis of adverse events of potential autoimmune aetiology in a large 
integrated safety database of ASO4 adjuvanted vaccines. Vaccine 26(51):6630-6638. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


HEPATITIS B VACCINE 503 


Vital, C., A. Vital, G. Gbikpi-Benissan, M. Longy-Boursier, M. T. Climas, Y. Castaing, M. H. 
Canron, M. Le Bras, and K. Petry. 2002. Postvaccinal inflammatory neuropathy: Periph- 
eral nerve biopsy in 3 cases. Journal of the Peripheral Nervous System 7(3):163-167. 

Voigt, U., U. Baum, W. Behrendt, S. Hegemann, C. Terborg, and J. Strobel. 2001. Neuritis 
of the optic nerve after vaccinations against hepatitis A, hepatitis B and yellow fever [in 
German]. Klinische Monatsblatter fur Augenbeilkunde 218(10):688-690. 

Wu, Z., H. Wu, and Q. Wang. 1999. A case-control study on Guillain-Barré syndrome in 
children of north China [in Chinese]. Zhonghua Yufang Yixue Zazhi 33(5):279-281. 

Yang, Y., S. Sujan, E. Sun, Y. Zhang, Y. Jiang, J. Song, J. Qin, and X. Wu. 2006. Acute 
metabolic crisis induced by vaccination in seven Chinese patients. Pediatric Neurology 
35(2):114-118. 

Zaas, A., P. Scheel, A. Venbrux, and D. B. Hellmann. 2001. Large artery vasculitis following 
recombinant hepatitis B vaccination: 2 cases. Journal of Rbeumatology 28(5):1116-1120. 

Zipp, F., J. G. Weil, and K. M. Einhaupl. 1999. No increase in demyelinating diseases after 
hepatitis B vaccination. Nature Medicine 5(9):964-965. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


Human Papillomavirus Vaccine 


INTRODUCTION 


Human papillomaviruses (HPVs) represent a family of more than 
100 nonenveloped, double-stranded DNA viruses uniquely targeted to the 
human epithelial cells (de Villiers et al., 2004; Schiller et al., 2008). HPVs 
are numbered in order of discovery and can be classified into groups ac- 
cording to the anatomic areas they infect (de Villiers et al., 2004; Schiller 
et al., 2008). Common, plantar, and juvenile or flat warts are caused by 
HPV1 and HPV2 (Bonnez and Reichman, 2010). These warts are common 
among the general population and are most common in children (Bonnez 
and Reichman, 2010). Genital warts and high-risk genital HPV infections, 
caused by HPV6 and 11 and HPV16, 18, 33, and 65 respectively, occur in 
an estimated 6.2 million people every year in persons aged 14 to 44 years, 
74 percent among individuals between 15 and 24 years (Schiller et al., 
2008; Weinstock et al., 2004). 

HPV is transmitted through direct contact with the lesions or warts 
that develop as a result of HPV infection (Bonnez and Reichman, 2010). 
Genital HPV infections may be spread by penetrative intercourse and non- 
penetrative encounters such as oral-genital, manual-genital, and genital- 
genital interaction (Marrazzo et al., 2000; Winer et al., 2003). According to 
Schiller et al. (2008), up to 70 percent of sexually active young women will 
be infected with at least one HPV within the first 5 years of initial sexual 
encounter. The risk of infection increases with instances of sexual activity 
and the number of lifetime sexual partners. Manhart et al. (2006) indicated 
that among women 18 to 25, 14.3 percent with one lifetime sexual partner, 
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22.3 percent with two lifetime sexual partners, and 31.5 percent with three 
or more lifetime sexual partners experience at least one HPV infection. 

HPV infection is often asymptomatic, but it may lead to the presence 
of cervical lesions or warts in some individuals. HPV infection is considered 
transient and usually lasts between 4 and 20 months in healthy individuals 
(Trottier and Franco, 2006). High-risk types of HPV such as HPV16 and 
HPV18 carrying the greatest risk of persistent infection constitute the most 
important risk factor for cervical cell abnormalities and invasive cervical 
cancer (Molano et al., 2003). Various approaches such as cryotherapy, 
electrocautery, surgical excision, and topical therapies have been used to 
treat HPV-associated lesions and warts (CDC, 2002). 

Research and development of an HPV vaccine was spurred by evidence 
that inactivated bovine papillomavirus (BPV) could immunize cattle against 
BPV infection in the 1980s (Jarrett et al., 1990). However, owing to the 
oncogenic nature of HPV, live attenuated or inactivated vaccines could not 
be safely developed for humans (Schiller et al., 2008). In the 1990s, re- 
searchers found that inoculation with virus-like particles (VLPs) developed 
from the L1 protein of specific papillomaviruses (PVs) could protect against 
PV infection, but the protection is not universal for all HPVs (Schiller and 
Lowy, 1996). 

Currently, two vaccines are licensed in the United States to prevent dis- 
eases caused by HPV infection. The quadrivalent vaccine, Gardasil (Merck 
& Co., Inc.) (HPV4), was licensed in 2006 by the Food and Drug Ad- 
ministration (FDA) to protect girls and women age 9 through 26 against 
angogenital warts and cancers (vulvar, vaginal, cervical, and anal) caused 
by HPV6, 11, 16, and 18 (CDC, 2007). Each 0.5 mL dose contains 20 pg 
each of HPV 6 and HPV 18 L1 protein and 40 pg each of HPV 11 and HPV 
16 L1 protein (CDC, 2007). It also contains 225 pg of amorphous alumi- 
num hydroxyphosphate sulfate (adjuvant), sodium chloride, L-histidine, 
polysorbate 80, sodium borate, and water (CDC, 2007). In 2009, Gardasil 
was also approved for use in males aged 9-26 years for the prevention 
of anal cancer and genital warts; however, although it is licensed for use 
in the same schedule and composition, as of May 2010, the Advisory 
Committee on Immunization Practices did not recommend routine vac- 
cination in this population (CDC, 2010b). The bivalent vaccine, Cervarix 
(GlaxoSmithKline Biologicals) (HPV2), was also licensed in 2009 by the 
FDA to protect girls and women age 10 through 25 against HPV 16 and 
18 (CDC, 2010a). Each dose of Cervarix is 0.5 mL and contains 20 pg 
each of HPV 16 and HPV 18 as well as 500 pg of aluminum hydroxide, 
50 pg of 3-O-desacyl-4'monophosphoryl lipid A (adjuvant), sodium chlo- 
ride, sodium dihydrogen phosphate dehydrate, and water (CDC, 20104). 
Both vaccines are recommended in a three-dose series of intramuscular 
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inoculations with the second and third dose administered 2 and 6 months 
after the first dose (CDC, 2010a). Both vaccines protect against 70 percent 
of HPV16 and 18 associated cancers, with Gardasil providing additional 
protection against 80 to 90 percent of genital wart-causing HPV infections 
(Bonnez and Reichman, 2010; CDC, 20102). In 2009, 44.3 percent of girls 
in the United States aged 13 to 17 had received at least an initial dose of 
either the HPV4 or HPV2 vaccine (CDC, 2010c). 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of acute disseminated encephalomyelitis (ADEM) after the 
administration of HPV vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and ADEM. 


Mechanistic Evidence 


The committee identified four publications reporting ADEM after ad- 
ministration of HPV vaccine. The publications did not provide evidence be- 
yond temporality (Borja-Hart et al., 2009; Mendoza Plasencia et al., 2010; 
Schaffer et al., 2008; Wildemann et al., 2009). In addition, Borja-Hart et al. 
(2009) intimated that in some cases multiple vaccines were administered 
concomitantly, making it difficult to determine which, if any, vaccine could 
have been the precipitating event. The publications did not contribute to 
the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of ADEM. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of ADEM; how- 
ever, the publications did not provide evidence linking these mechanisms 
to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and ADEM as lacking. 
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Causality Conclusion 


Conclusion 9.1: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of transverse myelitis after the administration of HPV vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee identified two publications reporting the development 
of transverse myelitis after administration of HPV vaccine. The publications 
did not provide evidence beyond temporality (Borja-Hart et al., 2009; Slade 
et al., 2009). In addition, Borja-Hart et al. (2009) intimated that in some 
cases multiple vaccines were administered concomitantly, making it difficult 
to determine which, if any, vaccine could have been the precipitating event. 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of transverse myelitis. Autoanti- 
bodies, T cells, and molecular mimicry may contribute to the symptoms 
of transverse myelitis; however, the publications did not provide evidence 
linking these mechanisms to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and transverse myelitis as lacking. 


Causality Conclusion 


Conclusion 9.2: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and transverse myelitis. 
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NEUROMYELITIS OPTICA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of neuromyelitis optica (NMO) after the administration of HPV 
vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and NMO. 


Mechanistic Evidence 


The committee identified one publication reporting the development 
of neuromyelitis optica after administration of HPV vaccine. Borja-Hart 
et al. (2009) do not provide evidence beyond temporality. In addition, the 
authors intimate that in some cases multiple vaccines were administered 
concomitantly, making it difficult to determine which, if any, vaccine could 
have been the precipitating event. The publication did not contribute to the 
weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication described above are con- 
sistent with those leading to a diagnosis of NMO. Autoantibodies, T cells, 
complement activation, and molecular mimicry may contribute to the 
symptoms of NMO; however, the publication did not provide evidence 
linking these mechanisms to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and NMO as lacking. 


Causality Conclusion 


Conclusion 9.3: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and NMO. 
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MULTIPLE SCLEROSIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evaluate 
the risk of multiple sclerosis (MS) after the administration of HPV vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and MS. 


Mechanistic Evidence 


The committee identified two publications reporting MS developing 
after administration of HPV vaccine. One publication did not provide clini- 
cal, diagnostic, or experimental evidence, including the time frame between 
administration of HPV vaccine and development of symptoms (Verstraeten 
et al., 2008). Sutton et al. (2009) did not provide evidence beyond tempo- 
rality that for some cases was too short based on the possible mechanisms 
involved. The publications did not contribute to the weight of mechanistic 
evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of MS. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of MS; however, 
the publications did not provide evidence linking these mechanisms to HPV 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and MS as lacking. 


Causality Conclusion 


Conclusion 9.4: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and MS. 
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GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of Guillain- 
Barré syndrome (GBS) after the administration of HPV vaccine. These three 
studies (Borja-Hart et al., 2009; Slade et al., 2009; Souayah et al., 2010) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems and lacked unvaccinated 
comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and GBS. 


Mechanistic Evidence 


The committee identified three publications reporting GBS after ad- 
ministration of HPV vaccine. One publication did not provide clinical, 
diagnostic, or experimental evidence, including the time frame between 
administration of HPV vaccine and development of symptoms (Verstraeten 
et al., 2008). Two publications did not provide evidence beyond temporality 
(Borja-Hart et al., 2009; Slade et al., 2009). In addition, two publications 
reported the concomitant administration of vaccines, in some cases making 
it difficult to determine which, if any, vaccine could have been the precipi- 
tating event (Borja-Hart et al., 2009; Slade et al., 2009). The publications 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of GBS. Autoantibodies, comple- 
ment activation, immune complexes, T cells, and molecular mimicry may 
contribute to the symptoms of GBS; however, the publications did not 
provide evidence linking these mechanisms to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and GBS as lacking. 
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Causality Conclusion 


Conclusion 9.5: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and GBS. 


CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of HPV vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and CIDP. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of CIDP after administration of HPV vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of CIDP; however, the committee did not identify literature re- 
porting evidence of these mechanisms after administration of HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and CIDP as lacking. 


Causality Conclusion 


Conclusion 9.6: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and CIDP. 


BRACHIAL NEURITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of brachial neuritis after the administration of HPV vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and brachial neuritis. 


Mechanistic Evidence 


The committee identified two publications reporting brachial neuritis 
after administration of HPV vaccine. The publications did not provide 
evidence beyond temporality, some too long (Gardasil—Brachial plexus 
neuritis, 2009; Debeer et al., 2008). Long latencies between vaccine ad- 
ministration and development of symptoms make it impossible to rule out 
other possible causes. The publications did not contribute to the weight of 
mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of brachial neuritis. Autoantibod- 
ies, T cells, and complement activation may contribute to the symptoms of 
brachial neuritis; however, the publications did not provide evidence linking 
these mechanisms to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and brachial neuritis as lacking. 


Causality Conclusion 


Conclusion 9.7: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and brachial neuritis. 


AMYOTROPHIC LATERAL SCLEROSIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of amyotrophic lateral sclerosis (ALS) after the administration 
of HPV vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and ALS. 
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Mechanistic Evidence 


The committee identified one publication and one abstract reporting 
the development of ALS after administration of HPV vaccine. Slade et al. 
(2009) did not provide clinical, diagnostic, or experimental evidence includ- 
ing the time frame between administration of vaccine and development of 
symptoms. This publication did not contribute to the weight of mechanistic 
evidence. 

Huang et al. (2009), in an abstract, described a 14-year-old girl present- 
ing with a rapidly progressing motor neuron disease 2 months after admin- 
istration of the third dose of the HPV vaccine Gardasil. Despite treatment 
the patient’s weakness progressed leading to her death from respiratory 
failure 23 months after vaccination. Laboratory examinations revealed in- 
filtrates of macrophages and T lymphocytes in the grey and white matter of 
the spinal cord and demyelination and loss of motor neurons. The patient 
was diagnosed with a rapidly progressive form of juvenile ALS. 

Further investigation revealed that the patient expressed a point muta- 
tion in the fused in sarcoma/translocated in liposarcoma (FUS/TLS) gene 
leading to an amino acid substitution in a highly evolutionarily conserved 
region of the protein (Huang et al., 2010). Immunohistochemistry staining 
of motor neurons from the spinal cord revealed strongly FUS-positive ba- 
sophilic inclusions in the patient. In contrast, patients with late-onset ALS 
showed no FUS-positive inclusions in motor neurons from the spinal cord. 
Similar basophilic inclusions were observed in the reticular formation in the 
medulla oblongata, red nucleus, nucleus ambiguous, sensorimotor cortex, 
and frontal cortex in the patient. 

Based on the genetic analysis and neuropathology, the authors did not 
attribute the rapidly progressive form of juvenile ALS in the patient to vac- 
cination against HPV using the quadrivalent vaccine Gardasil. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of ALS. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of ALS; however, 
the publications did not provide evidence linking these mechanisms to HPV 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and ALS as lacking. 





1C. Lomen-Hoerth, ALS Center, University of California San Francisco, personal commu- 
nication, November 11, 2010. 
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Causality Conclusion 


Conclusion 9.8: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and ALS. 


ANAPHYLAXIS 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of anaphylaxis 
after the administration of HPV vaccine. These three studies (Brotherton 
et al., 2008; Kang et al., 2008; Slade et al., 2009) were not considered in 
the weight of epidemiologic evidence because they provided data from pas- 
sive surveillance systems and lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified three publications describing clinical, diagnos- 
tic, or experimental evidence of anaphylaxis after administration of HPV 
vaccine. Kang et al. (2008) identified individuals suspected of developing 
a hypersensitivity reaction after administration of HPV vaccine; however, 
hypersensitivity reactions were not observed upon the subsequent admin- 
istration of additional doses of HPV vaccine. This publication did not 
contribute to the weight of mechanistic evidence. 

Described below are two publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Brotherton et al. (2008) conducted telephone interviews with patients, 
the patients’ guardians, and witnesses of adverse reactions to the HPV 
vaccine Gardasil in Australian school children. The authors reported eight 
cases of anaphylaxis in detail. Anaphylaxis developed in less than 5 minutes 
in four cases, 5-10 minutes in three cases, and 10-15 minutes in one case. 

Slade et al. (2009) analyzed reports on the HPV vaccine Gardasil 
received by the Vaccine Adverse Event Reporting System (VAERS) from 
June 2006 through December 2008. The authors identified 28 reports of 
anaphylaxis, according to the Brighton case definition, after vaccination 
with Gardasil. 
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Weight of Mechanistic Evidence 


The publications described above presented clinical evidence sufficient 
for the committee to conclude the vaccine may be a contributing cause of 
anaphylaxis after administration of HPV vaccine. The clinical descriptions 
establish a strong temporal relationship between administration of the vac- 
cine and the anaphylactic reaction. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and anaphylaxis as intermediate 
based on 36 cases presenting temporality and clinical symptoms 
consistent with anaphylaxis. 


Causality Conclusion 


Conclusion 9.9: The committee concludes that the evidence fa- 
vors acceptance of a causal relationship between HPV vaccine and 
anaphylaxis. 


TRANSIENT ARTHRALGIA 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of arthralgia 
after the administration of HPV vaccine. This one controlled study (Bhatla 
et al., 2010) contributed to the weight of epidemiologic evidence and is 
described below. 

Bhatla et al. (2010) conducted a double-blind, randomized controlled 
trial in women (18 to 35 years of age) enrolled at four hospitals in India 
from July 2006 through March 2007. The patients were randomized in 1:1 
ratio to receive HPV vaccine or placebo, and were given three doses at 0, 1, 
and 6 months. Diary cards were used to record any general symptoms that 
occurred during the 0-6 days following each dose. A total of 354 women 
were enrolled in the study and randomized to the vaccine group (176 
women) or the placebo group (178 women). The safety analysis included 
patients who received at least one vaccine (167 women) or one placebo (170 
women) during the study period. The diary cards were completed by 97.5 
percent of the vaccine group and 98.1 percent of the placebo group. The 
incidence of arthralgia was similar among the two groups (approximately 
10 percent of the women in both groups reported arthralgia); however, the 
study size and short-term follow-up make it difficult to draw conclusions. 
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Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to as- 
sess an association between HPV vaccine and transient arthralgia. 


Mechanistic Evidence 


The committee identified two publications reporting arthralgia after 
administration of HPV vaccine. The publications did not provide evidence 
beyond temporality (Garcia-Sicilia et al., 2010; Rivera Medina et al., 2010). 
In addition, Garcia-Sicilia et al. (2010) also reported the concomitant ad- 
ministration of vaccines, making it difficult to determine which, if any, vac- 
cine could have been the precipitating event. Neither publication reported 
the persistence of symptoms after vaccination. The publications did not 
contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of transient arthralgia. Auto- 
antibodies, T cells, complement activation, and immune complexes may 
contribute to the symptoms of transient arthralgia; however, the publica- 
tions did not provide evidence linking these mechanisms to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and transient arthralgia as lacking. 


Causality Conclusion 


Conclusion 9.10: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and transient arthralgia. 


PANCREATITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of pancreatitis 
after the administration of HPV vaccine. This study (Slade et al., 2009) was 
not considered in the weight of epidemiologic evidence because it provided 
data from a passive surveillance system and lacked an unvaccinated com- 
parison population. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and pancreatitis. 


Mechanistic Evidence 


The committee identified two publications reporting pancreatitis after 
administration of HPV vaccine. Das et al. (2008) did not provide evidence 
beyond temporality. Slade et al. (2009) reported the development of pancre- 
atitis in nine cases submitted to VAERS from June 2006 through December 
2008. Two cases developed pancreatitis after the first dose and experienced 
a recurrence of symptoms after the second and third doses. However, the 
authors did not report the time frame between administration of the vaccine 
and development of pancreatitis; long latencies make it impossible to rule 
out other possible causes. In addition, all of the cases had preexisting risk 
factors for pancreatitis. The publications did not contribute to the weight 
of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of pancreatitis, but the only evi- 
dence that could be attributable to the vaccine was recurrence of symptoms 
upon vaccine rechallenge; however, when reported without indicating the 
latency between vaccination and symptoms, these cases would not be con- 
sidered cases of rechallenge. Antibodies and complement activation may 
contribute to the symptoms of pancreatitis; however, the publications did 
not provide evidence linking these mechanisms to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between HPV vaccine and pancreatitis as lacking. 


Causality Conclusion 


Conclusion 9.11: The evidence is inadequate to accept or reject a 
causal relationship between HPV vaccine and pancreatitis. 
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THROMBOEMBOLIC EVENTS 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of thrombo- 
embolic events after the administration of HPV vaccine. These two studies 
(Borja-Hart et al., 2009; Slade et al., 2009) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and thromboembolic events. 


Mechanistic Evidence 


The committee identified two publications reporting thromboembolic 
events after administration of HPV vaccine. The publications did not pro- 
vide evidence beyond temporality, some too short or too long based on 
the possible mechanisms involved (Borja-Hart et al., 2009; Slade et al., 
2009). Long latencies between vaccine administration and development of 
symptoms make it impossible to rule out other possible causes. In addition, 
all of the cases reported in the publications had predisposing risk factors 
for thromboembolic events including, but not limited to, pregnancy, the 
use of oral contraceptives, inherited hypercoagulability syndromes, and an 
aneurysm. The publications did not contribute to the weight of mechanistic 
evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of thromboembolic events. Al- 
terations in the coagulation cascade may contribute to the symptoms of 
thromboembolic events; however, the publications did not provide evidence 
linking this mechanism to HPV vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between HPV vaccine and thromboembolic events as 
lacking. 
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Causality Conclusion 


Conclusion 9.12: The evidence is inadequate to accept or reject 
a causal relationship between HPV vaccine and thromboembolic 
events. 


HYPERCOAGULABLE STATES 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evaluate 
the risk of hypercoagulable states after the administration of HPV vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between HPV vaccine and hypercoagulable states. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of hypercoagulable states after administration of 
HPV vaccine. 


Weight of Mechanistic Evidence 


Alterations in the coagulation cascade may contribute to the symptoms 
of hypercoagulable states; however, the committee did not identify literature 
reporting evidence of this mechanism after administration of HPV vaccine. 


The committee assesses the mechanistic evidence regarding an 
association between HPV vaccine and hypercoagulable states as 
lacking. 


Causality Conclusion 


Conclusion 9.13: The evidence is inadequate to accept or reject 
a causal relationship between HPV vaccine and hypercoagulable 
states. 


CONCLUDING SECTION 


Table 9-1 provides a summary of the epidemiologic assessments, mech- 
anistic assessments, and causality conclusions for HPV vaccine. 
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Diphtheria Toxoid-, Tetanus 
Toxoid-, and Acellular Pertussis— 
Containing Vaccines 


INTRODUCTION 


Diphtheria Toxoid 


Diphtheria is an acute upper respiratory illness caused by Corynebac- 
terium diphtheriae. C. diphtheriae is a minimally invasive gram-positive 
bacillus that is resistant to environmental change and whose virulence 
is mostly confined to the secretion of an exotoxin that inhibits protein 
synthesis in mammalian cells (MacGregor, 2010). C. diphtheriae is spread 
through direct contact with infected respiratory secretions and cutaneous 
lesions (MacGregor, 2010). 

Following an incubation period of 1 to 5 days, diphtheria presents most 
commonly as local invasion of the respiratory tract including the back of 
the mouth and upper pharynx (Vitek and Wharton, 2008). Early symptoms 
may include low-grade fever (less than 101.3°F), malaise, and sore throat 
(Vitek and Wharton, 2008). Approximately 24 hours after disease onset, 
small patches of exudate are visible, and within 2 to 3 days a glossy, white 
membrane covers one or both tonsils and other oral structures including 
the tonsillar pillars, uvula, soft palate, oropharynx, and nasopharynx (Vitek 
and Wharton, 2008). The magnitude of the membrane is an indication of 
disease severity. Localized disease is often mild; however, the involvement 
of posterior structures like the soft palate and periglottal areas generally 
suggests the development of more substantial disease (Vitek and Wharton, 
2008). In such cases, local lymph node enlargement also occurs due to 
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swelling and inflammation, and the individual may present with a “bulk 
neck” appearance (Vitek and Wharton, 2008). 

While diphtheria in the respiratory tract is the most common manifesta- 
tion, aural, conjunctival, cutaneous, and vaginal diphtheria can also occur 
and taken together account for approximately 2 percent of diphtheria cases 
(Vitek and Wharton, 2008). 

The obvious consequences of diphtheria are manifested in the com- 
plications that arise from the presence and subsequent shedding of the 
membrane. In severe cases, the membrane may extend into the tracheo- 
bronchial tree causing pneumonia and expiratory respiratory obstruction 
and membrane aspiration (Vitek and Wharton, 2008). Other complica- 
tions are caused by the effect of the absorbed diphtheria toxin on organs 
and organ systems proportional to the severity of the disease (Vitek and 
Wharton, 2008). Evidence of myocarditis has been found in up to 66 
percent of patients with 10 to 25 percent developing clinically significant 
cardiac dysfunction (MacGregor, 2010). Neuropathy occurs rarely in mild 
disease but occurs in up to 75 percent of patients with severe diphtheria 
(MacGregor, 2010). Hypotension, pneumonia, and renal failure are also 
common in severe cases, while encephalitis and cerebral infarction has been 
described in rare cases (MacGregor, 2010). Death occurs most frequently 
within 3 to 4 days from disease onset and is most often caused by asphyxia 
or myocarditis (MacGregor, 2010). 

Immunization with diphtheria toxoid has dramatically altered the epi- 
demiology of diphtheria in the United States and data obtained from the 
1988-1994 National Health and Nutrition Examination Survey (NHANES) 
III serosurvey indicated that 80 percent of persons age 12 to 19 years were 
immune to diphtheria (McQuillan et al., 2002). 

The first vaccine against diphtheria was developed in the early 1800s 
and was widely used in the United States as early as 1914 (Vitek and 
Wharton, 2008). The vaccine consisted of a toxin-antitoxin formulation 
and was found to be 85 percent effective in preventing diphtheria (Vitek 
and Wharton, 2008). In the 1920s, Ramon found that by treating the 
toxin with formalin and creating the toxoid, the toxicity of the prepara- 
tion could be reduced while maintaining the immunogenic properties (Vitek 
and Wharton, 2008). In 1926, Glenny and his associates discovered that 
alum-precipitated toxoid was even more effective, and by the mid-1940s 
diphtheria toxoid was being combined with tetanus toxoid and whole-cell 
pertussis vaccine to create the diphtheria-tetanus-pertussis (DTP) vaccine 
(Vitek and Wharton, 2008). Soon after, the DTP combination vaccine was 
adsorbed onto an aluminum salt and researchers noted the enhanced immu- 
nogenicity of the diphtheria and tetanus toxoid in the presence of pertussis 
vaccine and the aluminum salt (Vitek and Wharton, 2008). 
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Tetanus Toxoid 


Unique among the vaccine-preventable diseases, tetanus is not transmis- 
sible from person to person (Wassilak et al., 2008). The disease is caused 
by the gram-positive spore forming bacillus Clostridium tetani, which is 
widespread throughout the environment, particularly in the soil (Wassilak 
et al., 2008). C. tetani spores are introduced into the body through direct 
contact with compromised tissues, where they germinate and produce a 
plasmid-encoded exotoxin that binds to gangliosides at the myoneural 
junction of skeletal muscle and on neuronal membranes in the spinal cord, 
blocking inhibitory impulses to motor neurons (AAP, 2009; Wassilak et al., 
2008). “The action of tetanus toxin on the brain and sympathetic nervous 
system is less well documented” (AAP, 2009). 

The incubation period for tetanus can range from 1 day to several 
months but generally lasts 3 to 21 days (Weinstein, 1973). Shorter incu- 
bation periods are associated with more severe disease, while incubation 
periods of 10 or more days generally result in milder disease (Adams, 1968; 
Bruce, 1920; Garcia-Palmieri and Ramirez, 1957; LaForce et al., 1969). 

There are three clinical descriptions of C. tetani infection: generalized, 
localized, and cephalic. Generalized tetanus occurs in more than 80 percent 
of all tetanus cases (Wassilak et al., 2008). Trismus (lockjaw) caused by 
spasm of the facial muscles is the most common manifestation of general- 
ized tetanus (Newton-John, 1984; Pratt, 1945; Weinstein, 1973). Trismus 
may be followed by muscle spasms in other parts of the body including the 
neck, back, and abdomen (Wassilak et al., 2008). Tetanospasm, also known 
as generalized tonic tetanic seizure-like activity, is a sudden contraction of 
all the muscle groups and can occur in the presence of mild external stimuli 
such as sudden noise (Wassilak et al., 2008). In addition to these spasms, 
those with severe tetanus are at risk of developing severe autonomic nervous 
system abnormalities including diaphoresis, high or low blood pressure, 
flushing, and cardiac complications (Hollow and Clarke, 1975; Kanarek 
et al., 1973; Kerr et al., 1968). Tetanus neonatorum is the most com- 
mon manifestation of generalized tetanus and occurs when the bacterium 
infects the umbilical stump (Wassilak et al., 2008). Typically manifesting 
3 to 14 days after birth, tetanus neonatorum begins with excessive crying 
and decreased sucking capability, and is followed by trismus, difficulty 
swallowing, and tetanic spasm (Wassilak et al., 2008). Infants who survive 
this disease may experience neurologic damage and may also develop in- 
tellectual and behavioral abnormalities (Anlar et al., 1989; Barlow et al., 
2001; Okan et al., 1997; Teknetzi et al., 1983). Localized tetanus is rare in 
humans and involves muscle spasms confined to areas. These spasms may 
last several months before subsiding or developing to generalized tetanus 
(Millard, 1954). Cephalic tetanus is associated with lesions on the head or 
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face in line with the facial nerve and orbits (Weinstein, 1973). Considered 
a form of localized tetanus, incubation is complete in 1 to 2 days after the 
initial insult, which is most often a head wound (Weinstein, 1973). 

Following the widespread use of tetanus toxoid-containing vaccines, 
tetanus infections have become an uncommon occurrence in the United 
States. In 1947, the incidence of reported cases was 0.39 per 100,000 in the 
United States (Wassilak et al., 2008). This number dropped dramatically, 
and from 1998 to 2000, the average incidence was approximately 0.16 
cases per 1,000,000 representing a 96 percent decrease in the incidence 
rate (CDC, 2003). 

Tetanus infections peak in midsummer and are more common in warm, 
damp climates. This is likely due to soil conditions and increased expo- 
sure to spores as well as increased injuries that occur during the summer 
months (Axnick and Alexander, 1957; Bytchenko, 1966; Heath et al., 1964; 
LaForce et al., 1969). 

Although described by the ancient Egyptians and Greeks, the origin 
of tetanus disease was not described until 1884 when Carle and Rattone 
showed that tetanus symptoms could be induced in rabbits when inoculated 
with pustular fluid from a fatal case of human tetanus (Wassilak et al., 
2008). In the late 1800s, C. tetani spores were shown to survive heating 
and germinate in anaerobic environments, and the repeated inoculation 
with small quantities of toxin led to antibody production that was able to 
neutralize the effects of tetanus toxin (Wassilak et al., 2008). In 1924, the 
tetanus toxoid created by chemically inactivating the tetanus toxin was 
shown to induce active immunity to tetanus disease prior to exposure to 
the pathogen (Wassilak et al., 2008). 

Currently, commercial tetanus toxoid is produced by culturing C. tet- 
ani in liquid medium and transforming the purified toxin with 40 percent 
formaldehyde at 37°C (Wassilak et al., 2008). In the United States, tetanus 
toxoid vaccines are available as a single tetanus toxoid vaccine (TT) (Sanofi 
Pasteur) and in combination with diphtheria toxoid as DT/Td, acellular 
pertussis as DTaP/Tdap, and as DTaP with other antigens such as Hae- 
mophilus influenzae B (HiB) conjugate (Wassilak et al., 2008). 


Pertussis Antigen 


Pertussis (whooping cough) is an upper respiratory infection caused by 
Bordetella pertussis, a gram-negative, pleomorphic bacillus that attaches to 
cells lining the respiratory tract (Edwards and Decker, 2008). B. pertussis is 
not a particularly invasive bacterium and typically does not penetrate sub- 
mucosal cells or the bloodstream, although toxins secreted by the bacteria 
may produce systemic effects (Edwards and Decker, 2008). 
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The incubation period lasts 7 to 10 days, and pertussis disease is trans- 
mitted by large respiratory droplets (Waters and Halperin, 2010). B. per- 
tussis infections range from asymptomatic to severe. Symptomatic disease 
is characterized by three phases: catarrhal, paroxysmal, and convalescent 
(Gordon and Hood, 1951). The catarrhal phase lasts 1-2 weeks; symp- 
toms of this phase may include nasal discharge, eye redness, and frequent 
coughing and sneezing (Gordon and Hood, 1951; Waters and Halperin, 
2010). The paroxysmal phase is characterized by periods of intense cough- 
ing (paroxysms) that may lead to choking, vomiting, and an inspiratory 
whoop (Gordon and Hood, 1951; Waters and Halperin, 2010). This phase 
may last 2-6 weeks, as does the convalescent phase during which the symp- 
toms decline. Fever is rare in pertussis infection and usually results from a 
secondary infection or co-infection (Gordon and Hood, 1951; Waters and 
Halperin, 2010). 

According to Cortese and her colleagues (2008), apnea and respira- 
tory arrest was the most common complication of pertussis followed by 
pneumonia and gastroesophageal reflux. Pneumonia is the most common 
complication in hospitalized patients (Cortese et al., 2008). Encephalopathy 
is a rare complication and occurs most often in younger patients (Waters 
and Halperin, 2010). B. pertussis antibodies have been found in the ce- 
rebrospinal fluid (CSF) of patients with pertussis encephalopathy (Grant 
et al., 1998). Other complications include seizures, ataxia, aphasia, blind- 
ness, deafness, subconjunctival hemorrhages, syncope, and rib fractures 
(Waters and Halperin, 2010). Pertussis is most serious in infants less than 
12 months of age, and the risk of death is highest among infants less than 6 
months old (Cortese et al., 2008; Tanaka et al., 2003; Vincent et al., 1991; 
Vitek et al., 2003). 

B. pertussis was first isolated and grown in culture by Jules Bordet 
and Octave Genou in 1906, and the first whole-cell pertussis vaccines were 
licensed in the United States in 1914 (Edwards and Decker, 2008). These 
vaccines were suspensions of killed bacteria and were improved upon by 
Kendrick and her colleagues before being combined with diphtheria and 
tetanus toxoids to produce DTP vaccine (Edwards and Decker, 2008). Ow- 
ing to the reactogenicity of whole-cell vaccines, alternative vaccines were 
sought, and the first acellular vaccine was developed in Japan (Edwards 
and Decker, 2008). These vaccines were composed of purified filamentous 
hemagglutin (FHA) and leukocytosis-promoting factor hemagglutin (Sato 
et al., 1984) and were widely used in Japan starting in 1981. In 1996, acel- 
lular pertussis vaccines were licensed in the United States. Currently, the 
acellular pertussis vaccine is only available in combination with diphtheria 
and tetanus in the United States. 
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Diphtheria Toxoid-, Tetanus Toxoid-, and 
Pertussis Antigen—Containing Vaccines 


Vaccines to prevent diphtheria, tetanus, and pertussis are available in 
various formulations and are given in 0.5 mL doses (see Table 10-1). The 
four most common combination vaccines are DTaP, Tdap, DT, and Td. Of 
these vaccines, two (DTaP and DT) are given to children younger than 7 
years of age, and two (Tdap and Td) are given to individuals 7 years or 
older.! The Advisory Committee on Immunization Practices (ACIP), the 
American Academy of Pediatrics (AAP), and the American Academy of 
Family Physicians recommend that children routinely receive a five-dose 
series of vaccine against diphtheria, tetanus, and pertussis before age 7 
years. ACIP recommends that the first four doses be administered at ages 2, 
4, 6, and 15-18 months and the fifth dose at age 4-6 years (CDC, 1997). 

Because the immunity provided by childhood diphtheria, tetanus, 
and pertussis-containing vaccines is not lifelong, booster vaccinations are 
needed to maintain disease immunity. These booster vaccinations of either 
Td or Tdap, which in 2006 was recommended by the ACIP as a single-dose 
booster for those who previously had not been vaccinated with Tdap, are 
given every 10 years or after a tetanus exposure under certain circumstances 
(CDC, 2008). 

According to the National Immunization Survey from 2005 through 
2009 more than 95 percent of children age 19 to 35 months had received 
at least three doses of the DTP, DT, or DTaP vaccine and approximately 
85 percent had received four doses (CDC, 2010b). In 2009, the National 
Immunization Survey estimated that 76.2 percent of adolescents between 
13 and 17 years of age had received at least one dose of the Td or Tdap 
vaccines (CDC, 20104). 

One of the challenges the committee faced in assessing the safety of 
diphtheria toxoid-, tetanus toxoid-, and acellular pertussis-containing 
vaccines is that these particular antigens are often combined with other 
antigens in a number of different formulations (see Table 10-1). This variety 
at times made comparisons difficult. The committee was not charged with 
reviewing the evidence regarding whole cell pertussis vaccine. When the 
committee uses the phrase *diphtheria toxoid-, tetanus toxoid-, or acel- 
lular pertussis-containing vaccine," it is limiting the assessment to these 
antigens. 





T Upper-case letters denote full-strength doses of diphtheria (D) and tetanus (T) toxoids and 
pertussis (P) vaccines. Lower-case (d) and (p) denote reduced doses of diphtheria and pertussis 
used in the adolescent/adult formulations. The (a) in DTaP and Tdap stands for “acellular,” 
meaning that the pertussis component contains only a part of the pertussis organism (CDC, 
1997). 
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ENCEPHALITIS AND ENCEPHALOPATHY 


Epidemiologic Evidence 


The committee reviewed nine studies to evaluate the risk of encephalitis 
or encephalopathy after the administration of vaccines containing diphthe- 
ria toxoid, tetanus toxoid, and acellular pertussis antigens alone or in com- 
bination. Seven studies (Geier and Geier, 2004; Gold et al., 1999; Isomura, 
1991; Kuno-Sakai and Kimura, 2004; Rosenthal et al., 1996; Stetler et al., 
1985; Zielinski and Rosinska, 2008) were not considered in the weight of 
epidemiologic evidence because they provided data from passive surveil- 
lance systems and lacked unvaccinated comparison populations. 

The two remaining controlled studies (Greco, 1985; Yih et al., 2009) 
contributed to the weight of epidemiologic evidence and are described 
below. 

Greco (1985) conducted a case-control study in children (3 to 48 
months of age) admitted to the Santobono Hospital in Campania, Italy, 
from January 1980 through February 1983. The cases were identified 
from the hospital intensive care unit register. Patients were included as an 
encephalopathy case if they were admitted to the intensive care unit for the 
following diagnoses, which were obtained from medical records: Reye’s 
syndrome, coma due to unknown causes, convulsions due to unknown 
causes, death due to unknown causes, or stupor due to unknown causes. 
Two hospital controls were matched to each case on age (within 6 months), 
sex, and date of admission (within 30 days), and had confirmed diagnoses 
different from the cases. Two residence controls from the national birth 
register were matched to each case on age (within 1 month), sex, and place 
of residence (by zone or by town), and were alive during the time cases 
were hospitalized. A total of 45 cases, 90 matched hospital controls, and 
90 matched residence controls were included in the analysis. Vaccination 
histories for the cases and controls were obtained from an extensive search 
of the national immunization register. During the 1 month preceding the 
hospital admission, 64 percent, 10 percent, and 13 percent of the cases, 
hospital controls, and residence controls received a diphtheria and tetanus 
toxoids vaccine, respectively. Oral polio vaccine was given at the same time 
as the diphtheria and tetanus toxoids vaccine in 51 percent of the cases and 
28 percent of the controls; however, the authors did not explicitly state that 
other vaccinations were not also given. The odds ratio for encephalopathy 
within 1 month of the administration of diphtheria and tetanus toxoids vac- 
cine compared to the hospital controls was 291.9 (95% CI, 53.3-1,596.9) 
and compared to the residence controls was 22.5 (95% CI, 8.2-62.1). The 
authors observed an increased risk but concluded that the study design 
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was insufficient to infer a causal relationship between the administration of 
diphtheria and tetanus toxoids vaccine and encephalopathy. 

Yih et al. (2009) conducted a cohort study in patients (10 to 64 years 
of age) enrolled in seven managed care organizations (MCOs) participat- 
ing in the Vaccine Safety Datalink (VSD) from August 2005 through May 
2008. The study investigated the occurrence of adverse events (reported 
from outpatient, inpatient, and emergency department visits) following 
Tdap vaccination. The exposed group included approximately 660,000 
patients that received a Tdap vaccination. Diagnoses of encephalopathy, 
encephalitis, and meningitis were obtained from the medical records and 
included in the analysis if they occurred within 42 days of vaccination. The 
disease incidence following Tdap vaccination was compared to the disease 
incidence 1 to 42 days after Td vaccination in a historical VSD comparison 
population; this could have introduced bias if coding practices or back- 
ground disease incidences differed in the two cohorts. The comparison 
group included approximately 890,000 patients that received a Td vac- 
cine from 2000 through 2004. The observed number of encephalopathy- 
encephalitis-meningitis events in the Tdap cohort (34 events) was less than 
the historical Td cohort (40.33 events), which resulted in a relative risk of 
0.84 (confidence interval not provided). The authors concluded that the 
risk of encephalopathy-encephalitis-meningitis following Tdap vaccination 
is not significantly higher than the risk following Td vaccination, which 
only provides information on the safety of the acellular pertussis antigen 
component. 


Weight of Epidemiologic Evidence 


Greco et al. (1985) investigated the association of diphtheria and teta- 
nus toxoids vaccine with encephalopathy; however, 50 percent of the cases 
considered had oral polio given with the diphtheria and tetanus toxoids vac- 
cine, and it is not clear if any other vaccines were administered at the same 
time. Additionally, the case definition included a wide range of diagnoses. 
The paper by Yih et al. (2009) found no increased risk of encephalopathy- 
encephalitis-meningitis after Tdap vaccination compared to historical data 
on this adverse event after Td vaccination, which only provided information 
on the safety of the acellular pertussis antigen component. 


The committee bas limited confidence in the epidemiologic evi- 
dence, based on two studies tbat lacked validity and precision, to 
assess an association between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine and encephalitis or 
encephalopathy. 
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Mechanistic Evidence 


The committee identified five publications reporting encephalitis or 
encephalopathy after the administration of vaccines containing diphtheria 
toxoid, tetanus toxoid, and acellular pertussis antigens alone or in com- 
bination. Four publications did not provide evidence beyond temporality 
(Casella et al., 2007; Ehrengut, 1986; Pollock and Morris, 1983; Sivertsen 
and Christensen, 1996). In addition, two of the publications also reported 
the administration of additional vaccines making it difficult to determine 
which, if any, vaccine could have been the precipitating event (Casella et al., 
2007; Ehrengut, 1986). Furthermore, Ehrengut (1986) reported that one 
patient was sick 1 week prior to vaccination. These publications did not 
contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Schwarz and colleagues (1988) described a 21-year-old man presenting 
with headache, clouding of consciousness, and tremors 7 days after admin- 
istration of a tetanus toxoid vaccine and tetanus antitoxin while receiving 
treatment for contusions and lacerations of the elbow. Two days later the 
patient was unresponsive to pain and comatose. Physical examination re- 
vealed negative pupillary and corneal reflexes, divergent gaze, inadequate 
spontaneous respiration, spontaneous extensor posturing, and signs of 
meningismus. The patient recovered upon treatment with dexamethasone, 
amidopyrine, gentamycin, mezlocillin, and immunoglobulin. Two and one 
half years later the patient was administered a tetanus toxoid vaccine while 
receiving treatment for open injuries on the limbs. Eight days after vaccina- 
tion the patient presented with signs of acute midbrain syndrome, similar 
to the first episode. The patient recovered upon similar treatment received 
during the first episode. Prior to the first episode the patient had received 
seven vaccinations against tetanus toxoid without incident. 


Weight of Mechanistic Evidence 


While rare, encephalitis and encephalopathy have been reported as 
complications of infection with Corynebacterium diphtheriae and Borde- 
tella pertussis, respectively (MacGregor, 2010; Waters and Halperin, 2010). 
In addition, high antibody titers to pertussis toxin and filamentous hemag- 
glutinin have been observed in the cerebrospinal fluid (CSF) of patients with 
pertussis encephalopathy indicating pertussis-specific antigens can cross the 
blood-brain barrier and directly affect the central nervous system (Waters 
and Halperin, 2010). The committee considers the effects of natural infec- 
tion one type of mechanistic evidence. 

The publication, described above, did not present clinical evidence 
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sufficient for the committee to conclude tetanus toxoid vaccine may be a 
contributing cause of encephalitis or encephalopathy. The symptoms de- 
scribed in the publications referenced above are consistent with those lead- 
ing to a diagnosis of encephalitis or encephalopathy, but the only evidence 
that could be attributed to the vaccine was recurrence of symptoms upon 
vaccine rechallenge. T cells and complement activation may contribute to 
encephalitis and encephalopathy; however, the publications did not provide 
evidence linking these mechanisms to diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between tetanus toxoid vaccine and encephalitis or en- 
cephalopathy as weak based on one case. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid or acellular pertussis vaccine 
and encephalitis or encephalopathy as weak based on knowledge 
about the natural infection. 


Causality Conclusion 


Conclusion 10.1: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and encephalitis. 


Conclusion 10.2: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and encephalopathy. 


INFANTILE SPASMS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of infantile 
spasms after the administration of vaccines containing diphtheria toxoid 
and tetanus toxoid antigens in combination. This one controlled study 
(Goodman et al., 1998) contributed to the weight of epidemiologic evidence 
and is described below. 

Goodman et al. (1998) conducted a case-control study in children (2 
to 35 months of age) enrolled in the National Childhood Encephalopathy 
Study (NCES) in England, Scotland, and Wales from 1976 through 1979. 
A monthly postal questionnaire was sent to participating pediatricians, 
neurosurgeons, and infectious disease physicians in order to identify pa- 
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tients hospitalized for acute neurological illnesses. A total of 262 children 
hospitalized and diagnosed with infantile spasms during the study period 
had sufficient clinical records for the analysis. Two controls were matched 
to each case on age, gender, and area of residence; however, the study did 
not specify further how the controls were selected. The notifying physician 
provided the patient’s clinical history, and information on past immuniza- 
tions was obtained from local sources (not defined). The analysis compared 
the frequency of DT immunizations 28 days prior to the date of seizure 
onset (case reference date) to the date for which the control was exactly 
the same age as the case at the date of first seizure (control reference date). 
The odds ratio for infantile spasms within 28 days of DT vaccination was 
0.83 (95% CI, 0.45-1.49). The analysis suggested that DT vaccination was 
more likely to occur during the 0-6 days prior to seizure onset (OR, 1.43; 
95% CI, 0.49-3.95) than any other period within the 28 days; however, the 
odds ratio was not statistically significant. The authors concluded that DT 
immunization is not associated with the onset of infantile spasms observed 
in the cases. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between diphtheria toxoid or tetanus toxoid 
vaccine and infantile spasms. 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between acellular pertussis vaccine and infantile spasms. 


Mechanistic Evidence 


The committee identified two publications reporting infantile spasms 
after the administration of vaccines containing diphtheria toxoid, tetanus 
toxoid, and acellular pertussis antigens alone or in combination. The pub- 
lications did not provide evidence beyond temporality (Pollock and Morris, 
1983; Schmitt et al., 1996). The publications did not contribute to the 
weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and infantile spasms as lacking. 
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Causality Conclusion 


Conclusion 10.3: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and infantile spasms. 


SEIZURES 


Epidemiologic Evidence 


The committee reviewed 14 studies to evaluate the risk of seizures 
after the administration of vaccines containing diphtheria toxoid, tetanus 
toxoid, and acellular pertussis antigens alone or in combination. Ten stud- 
ies (DuVernoy and Braun, 2000; Geier and Geier, 2001, 2002, 2004; Gold 
et al., 1999; Kuno-Sakai and Kimura, 2004; Le Saux et al., 2003; Rosenthal 
et al., 1996; Stetler et al., 1985; Zielinski and Rosinska, 2008) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems and lacked unvaccinated comparison 
populations. One controlled study (Crovari et al., 1984) had very serious 
methodological limitations that precluded its inclusion in this assessment. 
The case-control study from Crovari et al. (1984) provided inadequate 
information on how cases were ascertained and inappropriately combined 
coma and seizure symptoms. 

The three remaining controlled studies (Andrews et al., 2007; Huang 
et al., 2010; Yih et al., 2009) contributed to the weight of epidemiologic 
evidence and are described below. 

Andrews et al. (2007) conducted a self-controlled case-series study in 
children (28 days to 17 years of age) diagnosed with seizures from No- 
vember 1999 through September 2003 in the United Kingdom. The cases 
were identified using diagnostic codes for seizures located in the hospital 
administrative data from the London and South East regions. The hospital 
data were linked to vaccination information in the child-health databases 
from the same regions. The study participants were divided into three age 
groups: 28-365 days (infants), 1 year of age (toddlers), and 2-17 years of 
age (children). Cases were excluded from the analysis if they received a vac- 
cination outside the recommended age range; during this period, DT and 
Td vaccines were recommended for the children aged 2 to 17 years. Three 
risk periods were defined as 0-3 days, 4-7 days, and 8-14 days after vac- 
cination, and were compared to the background risk of seizures among the 
study participants (excluding the 7-day period before vaccination). A total 
of 788 participants from the 2-17-year age group reported 862 seizures 
during the study period. The relative risk of seizures within 0—3 days of 
DT or Td vaccine administration was 2.87 (95% CI, 0.70-11.75), within 
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4-7 days was 1.13 (95% CI, 0.14—8.94), within 8-14 days was 0.60 (95% 
CI, 0.07-4.80), and within 0-14 days was 1.33 (95% CI, 0.44-4.00). The 
authors found no increased risk of seizures following DT or Td vaccination 
among the 2-17 year age group, but they noted the confidence intervals 
were wide. 

The study by Yih et al. (2009) was described in detail in the section on 
encephalitis or encephalopathy. This cohort study compared the incidence 
of seizures after Tdap vaccine to a historical Td comparison population. 
The observed number of seizures in the Tdap cohort (34 events) was less 
than the historical Td cohort (40.35 events), which resulted in a relative risk 
of 0.84 (confidence interval not provided). The authors concluded that the 
risk of seizures following Tdap vaccination is not significantly higher than 
the risk following Td vaccination, which only provides information on the 
safety of the acellular pertussis antigen component. 

Huang et al. (2010) conducted a retrospective cohort study in children 
(6 weeks to 23 months of age) enrolled in seven MCOs participating in the 
VSD from 1997 through 2006. Children with seizure diagnoses were identi- 
fied using the International Classification of Diseases, 9th revision (ICD-9) 
codes for seizures, seizures in newborn, simple febrile seizures, complex 
febrile seizures, other seizures, epilepsy, and myoclonus. The events were 
limited to inpatient and emergency department visits, which could miss 
seizures that only required a physician visit. Vaccination information was 
obtained from the MCOs' automated immunization tracking systems. The 
participant follow-up began at 6 weeks of age and continued until 23 
months of age, disenrollment from the MCO, death, or December 31, 
2006, whichever occurred first. A total of 433,654 children were included 
in the analysis and received 1,343,067 doses of DTaP vaccine during the 
study period. The exposed person-time period was defined as 0 to 3 days 
after DTaP vaccination and the remaining observed person-time was clas- 
sified as unexposed. The risk-interval cohort analysis compared all exposed 
person-time to unexposed person-time, adjusted for multiple factors (MCO, 
gender, calendar year, season, age, and receipt of MMR or MMRV within 
8-14 days). The case-crossover analysis, which only included children with 
seizure diagnoses, matched each patient's exposed period with the unex- 
posed period for the same patient and adjusted for multiple factors (calen- 
dar year, season, age, and receipt of MMR or MMRV within 8-14 days). 
The adjusted relative risk of seizures within 0—3 days of DTaP vaccination 
across all doses was 0.87 (95% CI, 0.72-1.05) for the risk-interval analysis 
and 0.91 (95% CI, 0.75-1.10) for the case-crossover analysis. The authors 
concluded that DTaP administration is not associated with a significantly 
increased risk of seizures within 0 to 3 days of vaccination. Stratifying by 
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dose and postvaccination risk interval did not change the association, which 
remained nonsignificant. 


Weight of Epidemiologic Evidence 


Only one study (Huang et al., 2010) examined the association of 
DTaP vaccination and seizures; this study found no association. The study 
by Andrews et al. (2007) found no association of seizures with DT or 
Td vaccine in children > 2 years of age, but since the confidence intervals 
were wide it was not able to rule out a clinically relevant association. The 
paper by Yih et al. (2009) found no increased risk of seizures after Tdap 
vaccination compared to historical data on this adverse event after Td vac- 
cination, which only provided information on the safety of the acellular 
pertussis antigen component. Although the studies were consistent in failing 
to find an association between forms of DTaP vaccine and seizures, a true 
association may have been missed if only well children were selected for 
vaccination, thus at reduced risk of fever from background infections. See 
Table 10-2 for a summary of the studies that contributed to the weight of 
epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on three studies that lacked validity and precision, to 
assess an association between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine and seizures. 


Mechanistic Evidence 


The committee identified 20 publications reporting the development of 
seizures after the administration of vaccines containing diphtheria toxoid, 
tetanus toxoid, or acellular pertussis antigens alone or in combination. 
Cizewska and colleagues (1981) reported electroencephalogram changes 
after administration of a diphtheria and tetanus toxoid vaccine but did not 
report any seizures. The remaining publications did not provide evidence 
beyond temporality (Berkovic et al., 2006; Decker and Edwards, 1996; 
Decker et al., 1995; Greco et al., 1996; Hamidon and Raymond, 2003; 
Herini et al., 2010; Knuf et al., 2006; McIntosh et al., 2010; Miyake et al., 
2001; Netterlid et al., 2009; Pollock and Morris, 1983; Pollock et al., 1984; 
Preziosi et al., 1997; Ramsay et al., 1994; Satoh and Watanabe, 1997; 
Schmitt et al., 1996; Stehr et al., 1998; Uberall et al., 1997; Zimmerman 
and Pellitieri, 1994). In addition, two publications reported patients either 
ill at the time of vaccination or an infection diagnosed the day after vac- 
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cination (Knuf et al., 2006; Satoh and Watanabe, 1997). The publications 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


Seizures are the most common complication of infection with Bor- 
detella pertussis (Waters and Halperin, 2010). In addition, high antibody 
titers to pertussis components in the CSF indicate pertussis-specific antigens 
can cross the blood-brain barrier and directly affect the central nervous 
system (Waters and Halperin, 2010). The committee considers the effects 
of natural infection one type of mechanistic evidence. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of seizure. In some instances fever 
may contribute to the development of seizures; however, the publications 
did not provide evidence linking these mechanisms to diphtheria toxoid-, 
tetanus toxoid-, or acellular pertussis—containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between acellular pertussis vaccine and seizures as weak 
based on knowledge about the natural infection. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid or tetanus toxoid vaccine and 
seizures as lacking. 


Causality Conclusion 


Conclusion 10.4: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and seizures. 


ATAXIA 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of ataxia after 
the administration of DTaP vaccine. This one study (Geier and Geier, 2004) 
was not considered in the weight of epidemiologic evidence because it pro- 
vided data from a passive surveillance system and lacked an unvaccinated 
comparison population. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and ataxia. 


Mechanistic Evidence 


The committee identified one publication reporting the development 
of ataxia after the administration of DTaP vaccine. Kubota and Takahashi 
(2008) did not provide evidence of causality beyond a temporal relationship 
of 2 days between vaccine administration and development of cerebellar 
symptoms leading to a diagnosis of acute cerebellar ataxia. The publication 
did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and ataxia as lacking. 


Causality Conclusion 


Conclusion 10.5: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and ataxia. 


AUTISM 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of autism after 
the administration of DTaP vaccine. This one study (Geier and Geier, 2004) 
was not considered in the weight of epidemiologic evidence because it pro- 
vided data from a passive surveillance system and lacked an unvaccinated 
comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and autism. 
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Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of autism after the administration of vaccines con- 
taining diphtheria toxoid, tetanus toxoid, and acellular pertussis antigens 
alone or in combination. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and autism as lacking. 


Causality Conclusion 


Conclusion 10.6: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and autism. 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of acute disseminated encephalomyelitis (ADEM) after the 
administration of vaccines containing diphtheria toxoid, tetanus toxoid, or 
acellular pertussis antigens alone or in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccines and ADEM. 


Mechanistic Evidence 


The committee identified five publications of ADEM developing after 
the administration of vaccines containing diphtheria toxoid and tetanus 
toxoid antigens alone or in combination. Four publications did not pro- 
vide evidence beyond temporality, one of which was deemed too short 
based on the possible mechanisms involved (Abdul-Ghaffar and Achar, 
1994; Bolukbasi and Ozmenoglu, 1999; Hamidon and Raymond, 2003; 
Rogalewski et al., 2007). In addition, Rogalewski et al. (2007) reported the 
administration of vaccines against hepatitis B, hepatitis A, and poliovirus in 
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addition to diphtheria and tetanus toxoids, making it difficult to determine 
which vaccine, if any, could have been the precipitating event. These publi- 
cations did not contribute to the weight of mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Lopez-Pison and colleagues (2004) described a 14-year-old girl diag- 
nosed with ADEM 7 to 20 days after receiving a tetanus toxoid vaccine. 
Eight years prior the patient developed neurological symptoms 15 days 
after receiving a diphtheria toxoid, tetanus toxoid, whole cell pertussis 
vaccine, and an oral polio vaccine. 


Weight of Mechanistic Evidence 


The publication described above did not present clinical evidence suf- 
ficient for the committee to conclude the tetanus toxoid vaccine may be a 
contributing cause of ADEM. The symptoms described in the publications 
referenced above are consistent with those leading to a diagnosis of ADEM, 
but the only evidence that could be attributed to the vaccine was recur- 
rence of symptoms upon vaccine rechallenge. Autoantibodies, T cells, and 
molecular mimicry may contribute to the symptoms of ADEM; however, 
the publications did not provide evidence linking these mechanisms to diph- 
theria toxoid-, tetanus toxoid-, or acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between tetanus toxoid vaccine and ADEM as weak 
based on one case. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid or acellular pertussis vaccine 
and ADEM as lacking. 


Causality Conclusion 


Conclusion 10.7: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of transverse myelitis after the administration of vaccines con- 
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taining diphtheria toxoid, tetanus toxoid, or acellular pertussis antigens 
alone or in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and transverse myelitis. 


Mechanistic Evidence 


The committee identified four publications reporting the development 
of transverse myelitis after the administration of vaccines containing diph- 
theria toxoid, tetanus toxoid, and acellular pertussis antigens alone or in 
combination. The publications did not provide evidence beyond temporal- 
ity (Cizman et al., 2005; Riel-Romero, 2006; Whittle and Robertson, 1977; 
Zanoni et al., 2002). In addition, three publications reported the concomi- 
tant administration of vaccines, making it difficult to determine which, if 
any, vaccine could have been the precipitating event (Cizman et al., 2005; 
Whittle and Robertson, 1977; Zanoni et al., 2002). Furthermore, Cizman 
and colleagues (2005) reported that one patient had a concomitant infec- 
tion with Epstein-Barr virus. The publications did not contribute to the 
weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of transverse myelitis. Autoanti- 
bodies, T cells, and molecular mimicry may contribute to the symptoms 
of transverse myelitis; however, the publications did not provide evidence 
linking these mechanisms to diphtheria toxoid-, tetanus toxoid-, or acel- 
lular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and transverse myelitis as lacking. 


Causality Conclusion 


Conclusion 10.8: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis—containing vaccine and transverse myelitis. 
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OPTIC NEURITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of optic neu- 
ritis after the administration of vaccines containing diphtheria toxoid and 
tetanus toxoid antigens alone or in combination. This one controlled study 
(DeStefano et al., 2003) was included in the weight of epidemiologic evi- 
dence and is described below. 

DeStefano et al. (2003) conducted a case-control study to evaluate the 
association between tetanus toxoid vaccination and optic neuritis using data 
from three health maintenance organizations (HMOs) participating in the 
VSD. The optic neuritis analysis included 108 cases and 228 controls. The 
cases had a documented physician's diagnosis from 1995 through 1999, 
and were matched to controls from the HMO on date of birth (within 1 
year) and sex. The authors evaluated the date of disease onset using data 
described in the medical record or reported in the telephone interview. 
The immunization status was obtained from vaccination records, medical 
records, and telephone interviews. The study had high rates of self-reported 
vaccinations from outside the HMO system (38 percent of cases and 30 
percent of controls) that could not be verified, which may have biased the 
results. The odds ratio for ever vaccinated with tetanus toxoid or combined 
tetanus toxoid and diphtheria (Td) before optic neuritis diagnosis was 0.6 
(95% CI, 0.4—1.1). The authors concluded that tetanus toxoid vaccination 
does not appear to be associated with an increased risk of optic neuritis 
in adults. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between diphtheria toxoid or tetanus toxoid 
vaccine and optic neuritis. 


The epidemiologic evidence is insufficient or absent to assess an 
association between acellular pertussis vaccine and optic neuritis. 


Mechanistic Evidence 


The committee identified one publication reporting the development of 
optic neuritis after the administration of vaccines containing tetanus toxoid 
antigens. The publication did not provide evidence beyond temporality 
(Quast et al., 1979). The publication did not contribute to the weight of 
mechanistic evidence. 
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Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of optic neuritis. Autoantibodies, 
T cells, immune complexes, and molecular mimicry may contribute to the 
symptoms of optic neuritis; however, the publication did not provide evi- 
dence linking these mechanisms to diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the diphtheria toxoid-, tetanus toxoid-, or acel- 
lular pertussis—containing vaccine and optic neuritis as lacking. 


Causality Conclusion 


Conclusion 10.9: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and optic neuritis. 


MULTIPLE SCLEROSIS ONSET IN ADULTS 


Epidemiologic Evidence 


The committee reviewed five studies to evaluate the risk of onset (date 
of first symptom) of multiple sclerosis (MS) in adults after the administra- 
tion of vaccines containing diphtheria toxoid and tetanus toxoid antigens 
alone or in combination. Three controlled studies (Kurtzke et al., 1997; 
Lauer and Firnhaber, 1990; Pekmezovic et al., 2004) had very serious 
methodological limitations that precluded their inclusion in this assessment. 
Kurtzke et al. (1997) enrolled controls (family members or neighbors of the 
cases) that could have introduced selection bias, and the vaccination infor- 
mation provided in the self-report questionnaire was not validated. The 
control group used in the study by Lauer et al. (1990) was flawed, and the 
authors may have selected a group at greater or lesser likelihood to receive 
the vaccine. The case-control study from Pekmezovic et al. (2004) used an 
inadequate control group that included patients diagnosed with other vari- 
ous neurological disorders. 

The two remaining controlled studies (DeStefano et al., 2003; Hernan 
et al., 2004) were included in the weight of epidemiologic evidence and are 
described below. 

The study by DeStefano et al. (2003) was described in detail in the 
section on optic neuritis. This case-control study evaluated the association 
between tetanus toxoid vaccination and MS or optic neuritis using data 
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from three HMOs participating in the VSD. The MS analysis included 332 
cases and 722 controls. Although there is a large number of cases and con- 
trols, the study had high rates of self-reported vaccinations from outside the 
HMO system (38 percent of cases and 30 percent of controls) that could 
not be verified, which may have biased the results. The odds ratio for ever 
vaccinated with tetanus toxoid or Td before MS onset was 0.6 (9596 CI, 
0.4—0.8). The authors found tetanus toxoid vaccination to be associated 
with a significant decreased risk of MS onset in adults. 

Hernan et al. (2004) used the General Practice Research Database 
(GPRD) to perform a nested case-control study. Cases with a confirmed MS 
diagnosis from 1993 through 2000, and a minimum of 3 years follow-up 
in the database, were selected and matched with controls on age (within 
1 year), sex, general practice, and date of joining the practice (within 1 
year). The study included 163 cases and 1,604 controls. The date of first 
symptom of MS and tetanus toxoid vaccination status were identified in 
the medical record. The rates of vaccination were very low among the cases 
and controls (11.7 percent and 17.4 percent, respectively), which raised the 
possibility that subjects selected for vaccination were importantly different. 
The odds ratio for MS onset within 3 years of immunization against teta- 
nus toxoid was 0.6 (95% CI, 0.4—1.0). The authors concluded that tetanus 
toxoid vaccination does not appear to be associated with an increased risk 
of MS onset in adults. 


Weight of Epidemiologic Evidence 


Neither of the two case-control studies considered in the assessment 
of the epidemiologic evidence found an association between tetanus tox- 
oid vaccine and onset of MS in adults. However, there are some concerns 
about the study design and analyses. DeStefano et al. (2003) did not define 
a specific exposure time and had no short-term assessment in their primary 
analysis. The authors performed secondary analyses considering the tim- 
ing of the tetanus toxoid vaccination (< 1 year, 1-5 years, and > 5 years) 
relative to the MS onset, which showed no significant association, but they 
did not state how they handled the timing of vaccination for those who 
had more than one tetanus toxoid vaccine before the onset of MS or when 
tetanus toxoid was given in combination with other vaccines. Hernan et al. 
(2004) considered a fixed exposure time of 3 years within the onset of MS 
but did not present results on any subanalysis considering the timing of the 
tetanus toxoid vaccination. In addition, the rates of vaccination were very 
low among the cases and controls. Given these study limitations and the 
small number of studies, the committee has limited confidence in the overall 
evidence. See Table 10-3 for a summary of the studies that contributed to 
the weight of epidemiologic evidence. 
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The committee bas limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision, to 
assess an association between diphtheria toxoid or tetanus toxoid 
vaccine and onset of MS in adults. 


The epidemiologic evidence is insufficient or absent to assess an 
association between acellular pertussis vaccine and onset of MS 
in adults. 


Mechanistic Evidence 


The committee identified one publication reporting the onset of MS in 
adults after the administration of vaccines containing diphtheria toxoid and 
tetanus toxoid antigens alone or in combination. The publication did not 
provide evidence beyond temporality (Rogalewski et al., 2007). In addition, 
the patient was vaccinated against hepatitis B, hepatitis A, and poliovirus 
concomitantly, making it difficult to determine which, if any, vaccine could 
have been the precipitating event. In addition, the committee identified two 
publications that studied whether the antibodies against tetanus toxoid and 
diphtheria toxoid are predictive of the development of MS (Massa et al., 
2009; Salmi et al., 1981). The publications found no difference between the 
level of antibodies against tetanus toxoid and diphtheria toxoid between 
MS cases and matched controls. The publications did not contribute to the 
weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of MS. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of MS; however, 
the publication did not provide evidence linking these mechanisms to diph- 
theria toxoid-, tetanus toxoid-, or acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and onset of MS in adults as lacking. 


Causality Conclusion 


Conclusion 10.10: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine and onset of MS in adults. 
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MULTIPLE SCLEROSIS RELAPSE IN ADULIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of relapse of 
MS (date of third demyelinating episode) in adults after the administration 
of vaccines containing tetanus toxoid antigens. This one controlled study 
(Confavreux et al., 2001) contributed to the weight of epidemiologic evi- 
dence and is described below. 

Confavreux et al. (2001) conducted a case-crossover study in adults 
attending neurology centers affiliated with the European Database for 
Multiple Sclerosis. The study included 643 adults with definite or probable 
MS diagnosis and at least one relapse of symptoms that occurred from 
1993 through 1997. The relapse was confirmed during outpatient visits or 
during hospitalizations at the neurology centers. The immunization status 
was obtained from telephone questionnaires and confirmed with vaccina- 
tion records or written confirmation from the physician. Vaccinations were 
confirmed for 260 participants, not confirmed for 57, and 326 reported 
receiving no vaccinations during the study period. Tetanus toxoid vaccina- 
tions were given alone or in combination with poliovirus or diphtheria or 
both. The risk period was defined as any time within 2 months before the 
relapse, and the four control periods were outlined as 2-month intervals 
prior to the risk period (2 to 10 months before the relapse). The relative 
risk of relapse of MS within 2 months of administration of tetanus toxoid 
vaccine was 0.75 (95% CI 0.23-2.46). The authors concluded that tetanus 
toxoid vaccination does not appear to increase the risk of MS relapse in 
adults. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between tetanus toxoid vaccine and relapse 
of MS in adults. 


The epidemiologic evidence is insufficient or absent to assess an 
association between diphtheria toxoid or acellular pertussis vaccine 
and relapse of MS in adults. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of MS relapse in adults after the administration of 
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vaccines containing diphtheria toxoid, tetanus toxoid, and acellular pertus- 
sis antigens alone or in combination. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of MS; however, the committee did not identify literature report- 
ing evidence of these mechanisms after administration of vaccines contain- 
ing diphtheria toxoid, tetanus toxoid, and acellular pertussis antigens alone 
or in combination. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the diphtheria toxoid-, tetanus toxoid-, and 
acellular pertussis—containing vaccine and relapse of MS in adults 
as lacking. 


Causality Conclusion 


Conclusion 10.11: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
and acellular pertussis-containing vaccine and relapse of MS in 
adults. 


MULTIPLE SCLEROSIS RELAPSE IN CHILDREN 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of relapse of 
MS (date of second episode) in children after the administration of vaccines 
containing diphtheria toxoid and tetanus toxoid antigens in combination. 
This one controlled study (Mikaeloff et al., 2007) contributed to the weight 
of epidemiologic evidence and is described below. 

Mikaeloff et al. (2007) conducted a retrospective cohort study with 
children (younger than 16 years of age) enrolled in the French Kid Sclérose 
en Plaques (KIDSEP) neuropediatric dataset. The study included 356 chil- 
dren with a first episode of acute central nervous system (CNS) inflamma- 
tory demyelination that occurred from 1994 through 2003, of which 165 
received tetanus toxoid vaccine and 191 were not vaccinated after the first 
episode. In all but one case, tetanus toxoid vaccination was combined with 
other vaccinations: tetanus toxoid, diphtheria, and polio (98 cases); teta- 
nus toxoid, diphtheria, pertussis, and polio (45 cases); and tetanus toxoid, 
diphtheria, pertussis, polio, and Haemophilus influenza B (22 cases). The 
outcome reported was a second episode of neurological symptoms. The 
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first episode was confirmed in the medical record, and the second episode 
was reported through routine clinical visits and telephone interviews until 
the end of 2005. The immunization status was obtained from vaccination 
certificates, and telephone interviews were used for six participants that did 
not provide certificates. The participants exposed to tetanus toxoid vaccine 
significantly differed from those without the vaccination. In particular, 
those who were vaccinated were more likely to have had infections during 
the month before a first episode, more frequently from low socioeconomic 
status families, younger at first episode, and less likely to have a first epi- 
sode after 1997. The adjusted hazard ratio for relapse of MS within 3 years 
of tetanus toxoid vaccination was 0.99 (95% CI, 0.58-1.67). Adjusted 
hazard ratios were also reported for MS relapse within 3 months (HR, 
0.79; 95% CI, 0.25-2.50), 6 months (HR, 1.22; 95% CI, 0.59-2.53), and 
1 year (HR, 0.97; 95% CI, 0.51-1.84) of tetanus toxoid vaccination. The 
authors concluded that tetanus toxoid vaccination is not associated with a 
significant increased risk of a second episode of MS in children. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between diphtheria toxoid or tetanus toxoid 
vaccine and relapse of MS in children. 


The epidemiologic evidence is insufficient or absent to assess an 
association between acellular pertussis vaccine and relapse of MS 
in children. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of relapse of MS in children after the administra- 
tion of vaccines containing diphtheria toxoid, tetanus toxoid, and acellular 
pertussis antigens alone or in combination. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of MS; however, the committee did not identify literature report- 
ing evidence of these mechanisms after administration of vaccines contain- 
ing diphtheria toxoid, tetanus toxoid, and acellular pertussis antigens alone 
or in combination. 
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The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acel- 
lular pertussis—containing vaccine and relapse of MS in children 
as lacking. 


Causality Conclusion 


Conclusion 10.12: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis—containing vaccine and relapse of MS in 


children. 


GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed four studies to evaluate the risk of Guillain- 
Barré syndrome (GBS) after the administration of vaccines containing diph- 
theria toxoid, tetanus toxoid, and acellular pertussis antigens alone or in 
combination. Three studies (Kuno-Sakai and Kimura, 2004; Souayah et al., 
2009; Tuttle et al., 1997) were not considered in the weight of epidemio- 
logic evidence because they provided data from passive surveillance systems 
and lacked unvaccinated comparison populations. The one remaining study 
(Yih et al., 2009) lacked an unvaccinated comparison population for the 
GBS analysis and thus did not contribute to the epidemiologic weight of 
evidence. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccines and GBS. 


Mechanistic Evidence 


The committee identified 10 publications reporting the development of 
GBS after the administration of vaccines containing diphtheria toxoid, teta- 
nus toxoid, and acellular pertussis antigens alone or in combination. The 
publications did not provide evidence beyond temporality, some too long or 
too short based on the possible mechanisms involved (Bakshi and Graves, 
1997; Holliday and Bauer, 1983; Hopf Ch, 1980; Newton and Janati, 1987; 
Pritchard et al., 2002; Quast et al., 1979; Schessl et al., 2006; Schlenska, 
1977; Talbot et al., 2010; Zimmerman and Pellitieri, 1994). Long latencies 
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between vaccine administration and development of symptoms make it 
impossible to rule out other possible causes. One publication also reported 
the concomitant administration of vaccines, making it difficult to determine 
which, if any, vaccine could have been the precipitating event (Schessl et al., 
2006). Furthermore, Schessl et al. (2006) reported that one patient had an 
upper respiratory infection in the 6 weeks preceding the diagnosis of GBS. 
The publications did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of GBS. Autoantibodies, comple- 
ment activation, immune complexes, T cells, and molecular mimicry may 
contribute to the symptoms of GBS; however, the publications did not 
provide evidence linking these mechanisms to diphtheria toxoid-, tetanus 
toxoid-, or acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and GBS as lacking. 


Causality Conclusion 


Conclusion 10.13: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccines and GBS. 


CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of vaccines containing diphtheria toxoid, tetanus 
toxoid, or acellular pertussis antigens alone or in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and CIDP. 
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Mechanistic Evidence 


The committee identified five publications reporting CIDP after the 
administration of vaccines containing tetanus toxoid antigens. Two publica- 
tions did not provide evidence beyond temporality (Pritchard et al., 2002; 
Quast et al., 1979). The publications did not contribute to the weight of 
mechanistic evidence. Described below are three publications that merit 
further discussion. 

Pollard and Selby (1978) reported one case of a 42-year-old man who 
developed limb weakness, at times associated with numbness, after receiv- 
ing tetanus toxoid vaccines administered after sustaining minor trauma 
or lacerations of the feet on three occasions. The first, second, and third 
episodes developed 3 weeks, 2 weeks, and 10 days, respectively, after vac- 
cination. The first and second episodes were separated by 9 years while the 
second and third episodes were separated by 5 years. The patient was sub- 
sequently diagnosed with a spontaneously relapsing remitting neuropathy 
and experienced episodes in association with acute viral infections? The 
authors did not rule out other possible causes (e.g., viral illnesses) and did 
not provide evidence beyond a temporal relationship between administra- 
tion of the vaccine and development of symptoms after vaccination. 

Reinstein et al. (1982) described a 33-year-old man presenting with 
occasional numbness of the feet 8 weeks after receiving a tetanus toxoid 
vaccine administered upon sustaining minor trauma. The patient received 
two additional tetanus toxoid vaccines, after sustaining minor trauma or 
lacerations, 4 and 5 months after the administration of the first vaccine. 
The patient noted increased numbness and weakness during the 6 weeks 
after administration of the third vaccine. 

Hughes and colleagues (1996) described a 27-year-old man presenting 
with a peripheral neuropathy 8 weeks after administration of a tetanus 
toxoid vaccine. The patient experienced two relapses after administration of 
tetanus toxoid vaccines 21 and 25 years after the first episode. The latency 
between the relapses and vaccination were not reported. 


Weight of Mechanistic Evidence 


Pollard and Selby (1978) appear to present evidence of vaccine rechal- 
lenge leading to symptoms of peripheral neuropathy in a patient, subse- 
quently diagnosed with a spontaneously relapsing remitting neuropathy, 
who developed symptoms in association with acute viral infections; how- 
ever, the authors did not rule out other possible causes and did not provide 





?]. D. Pollard, Brain Mind Research Institute, personal communication, January 27, 1993. 
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evidence beyond a temporal relationship with vaccine administration. The 
spontaneous development of peripheral neuropathy makes it difficult to 
conclude that the tetanus toxoid vaccines were the causative agent. Re- 
instein et al. (1982) and Hughes and colleagues (1996) appear to present 
evidence of vaccine rechallenge leading to symptoms of CIDP; however, the 
committee determined the time frame of 8 weeks between administration of 
the first vaccine, in each case, and development of symptoms to be too long. 
In addition, the patient described by Reinstein et al. (1982) did not develop 
symptoms following administration of the second vaccine. Furthermore, 
Hughes and colleagues (1996) do not report the latency between adminis- 
tration of the additional tetanus toxoid vaccines and the development of 
peripheral neuropathy. Latencies considered to be long would reduce the 
association of the development of symptoms with the administration of the 
vaccine. Neither Reinstein et al. (1982) nor Hughes and colleagues (1996) 
ruled out other possible causes. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of CIDP. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of CIDP; however, 
the publications did not provide evidence linking these mechanisms to diph- 
theria toxoid-, tetanus toxoid-, or acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the diphtheria toxoid-, tetanus toxoid-, or acel- 
lular pertussis—containing vaccine and CIDP as lacking. 


Causality Conclusion 


Conclusion 10.14: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis—containing vaccine and CIDP. 


OPSOCLONUS MYOCLONUS SYNDROME 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evaluate 
the risk of opsoclonus myoclonus syndrome (OMS) after the administra- 
tion of vaccines containing diphtheria toxoid, tetanus toxoid, or acellular 
pertussis antigens alone or in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and OMS. 
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Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of OMS after the administration of vaccines con- 
taining diphtheria toxoid, tetanus toxoid, and acellular pertussis antigens 
alone or in combination. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, complement activation, and molecular mimicry 
may contribute to the symptoms of OMS; however, the committee did not 
identify literature reporting evidence of these mechanisms after administra- 
tion of vaccines containing diphtheria toxoid, tetanus toxoid, and acellular 
pertussis antigens alone or in combination. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and OMS as lacking. 


Causality Conclusion 


Conclusion 10.15: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine and OMS. 


BELL’S PALSY 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of Bell’s palsy 
after the administration of vaccines containing diphtheria toxoid, tetanus 
toxoid, and acellular pertussis antigens alone or in combination. This one 
controlled study (Yih et al., 2009) contributed to the weight of epidemio- 
logic evidence and is described below. 

The study by Yih et al. (2009) was described in detail in the section on 
encephalitis or encephalopathy. This cohort study compared the incidence 
of cranial nerve disorders, including Bell’s palsy, after Tdap vaccine to a 
historical Td comparison population. The observed number of cranial nerve 
disorders in the Tdap cohort (126 events) was greater than the historical 
Td cohort (100.8 events), which resulted in a relative risk of 1.25 (confi- 
dence interval not provided). The authors concluded that the risk of cranial 
nerve disorders following Tdap vaccination is not significantly higher than 
the risk following Td vaccination, which only provides information on the 
safety of the acellular pertussis antigen component. 
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Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between acellular pertussis vaccine and Bell’s 


palsy. 


The epidemiologic evidence is insufficient or absent to assess an 
association between diphtheria toxoid or tetanus toxoid vaccine 
and Bell’s palsy. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of Bell’s palsy after the administration of vaccines 
containing diphtheria toxoid, tetanus toxoid, and acellular pertussis anti- 
gens alone or in combination. 


Weight of Mechanistic Evidence 


While rare, infection with Clostridium tetani or Corynebacterium diph- 
theria has been associated with facial nerve palsy (MacGregor, 2010; Reddy 
and Bleck, 2010). The committee considers the effects of natural infection 
one type of mechanistic evidence. 


The committee assesses the mechanistic evidence regarding an 
association between diphtheria toxoid or tetanus toxoid vaccine 
and Bell’s palsy as weak based on knowledge about the natural 
infection. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between acellular pertussis vaccine and Bell’s palsy as 
lacking. 


Causality Conclusion 


Conclusion 10.16: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and Bell’s palsy. 
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Epidemiologic Evidence 


The committee reviewed eight studies to evaluate the risk of anaphy- 
laxis after the administration of vaccines containing diphtheria toxoid, 
tetanus toxoid, or acellular pertussis antigens alone or in combination. 
These eight studies (Bohlke et al., 2003; Gold et al., 1999; Jackson et al., 
2009; Jacobs et al., 1982; Korger et al., 1986; Kuno-Sakai and Kimura, 
2003; Nakayama et al., 1999; Thierry-Carstensen et al., 2004) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems or lacked unvaccinated comparison 
populations. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified 11 publications describing clinical, diagnostic, 
or experimental evidence of anaphylaxis after the administration of vac- 
cines containing diphtheria toxoid, tetanus toxoid, and acellular pertussis 
antigens alone or in combination. Two publications reported a temporal 
association between administration of a tetanus containing vaccine and 
development of symptoms, but the committee did not consider the symp- 
toms to be definitive anaphylaxis (Bohlke et al., 2003; Chanukoglu et al., 
1975). Four publications reported anaphylaxis after vaccination but did 
not report a time frame between vaccination and development of symptoms 
(Nakayama and Onoda, 2007; Peng and Jick, 2004; Pollock and Morris, 
1983; Thierry-Carstensen et al., 2004). These publications did not contrib- 
ute to the weight of mechanistic evidence. 

Described below are five publications that contributed to the weight of 
mechanistic evidence. 

Bhatia (1985) described a 12-year-old boy presenting with a deep 
wound on a lower limb. Due to a family history of allergy, a test dose of 
a 1:10 dilution of tetanus toxoid was administered intradermally. Within 
a few minutes the patient developed local pain and itching increasing to 
generalized urticaria, a rapid thready pulse, and severe bronchospasm. 

Bilyk and Dubchik (1978) described the case of a 38-year-old patient 
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presenting with a laceration to the right hand. Two to three minutes after 
receiving purified and adsorbed tetanus toxoid the patient developed dizzi- 
ness, tinnitus, nausea, vomiting, erythematous skin rash, tachycardia, and 
breathing difficulty. 

Mandal and colleagues (1980) described the case of a 21-year-old 
woman (case 1) presenting with restlessness, itching over the tongue ini- 
tially and then the whole body, a sensation of warmth, inspiratory difficulty 
with rhonchi, tightness in the throat with voice change, pain in the lower 
back and abdomen, erythema and swelling of the face and neck, and an 
urticarial rash on the limbs 2 to 3 minutes after receiving the second dose 
of a tetanus toxoid vaccine. 

Mansfield and colleagues (1986) describe two cases of anaphylaxis 
after exposure to a tetanus toxoid vaccine. Case 1 describes a 33-year-old 
woman presenting with a severe anaphylactic reaction involving wheezing, 
facial edema, and peripheral urticaria 5 minutes after skin prick testing 
to full-strength tetanus toxoid. The patient was treated with epinephrine, 
corticosteroids, and antihistamines. Furthermore, at the age of 4 years the 
patient developed an urticarial rash and fever after receiving tetanus toxoid 
and tetanus antitoxin. Case 2 (case 3 in the publication) describes a 23-year- 
old highly atopic man who collapsed after experiencing wheezing and 
generalized itching after skin prick testing with full-strength tetanus toxoid. 

Zaloga and Chernow (1982) reported the case of a 20-year-old man 
presenting with dyspnea, wheezing, lightheadedness, stridor, and the loss 
of consciousness within minutes of receiving purified fluid tetanus toxoid. 
The patient recovered after treatment with two doses of epinephrine and 
diphenhydramine hydrochloride. 


Weight of Mechanistic Evidence 


The publications, described above, presented clinical evidence sufficient 
for the committee to conclude the vaccine was a contributing cause of ana- 
phylaxis after administration of a tetanus toxoid vaccine. The clinical de- 
scriptions establish a strong temporal relationship between administration 
of a tetanus toxoid vaccine and anaphylaxis. In addition, two publications 
reported the development of symptoms after either skin prick or intrader- 
mal testing with either a full strength or dilution of a tetanus toxoid vaccine 
suggesting the presence of IgE to one or more components in the vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between tetanus toxoid vaccine and anaphylaxis as strong 
based on six cases presenting temporality and clinical symptoms 
consistent with anaphylaxis. 
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The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid or acellular pertussis vaccine 
and anaphylaxis as lacking. 


Causality Conclusion 


Conclusion 10.17: The evidence convincingly supports a causal 
relationship between tetanus toxoid vaccine and anaphylaxis. 


Conclusion 10.18: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid or acellular pertussis 
vaccine and anaphylaxis. 


CHRONIC URTICARIA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic urticaria after the administration of vaccines contain- 
ing diphtheria toxoid, tetanus toxoid, or acellular pertussis antigens alone 
or in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and chronic urticaria. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of chronic urticaria after the administration of 
vaccines containing diphtheria toxoid, tetanus toxoid, and acellular pertus- 
sis antigens alone or in combination. 


Weight of Mechanistic Evidence 


Autoantibodies, complement activation, IgE hypersensitivity, and mo- 
lecular mimicry may contribute to the development of chronic uriticaria; 
however, the committee did not identify literature reporting evidence of 
these mechanisms after administration of vaccines containing diphthe- 
ria toxoid, tetanus toxoid, and acellular pertussis antigens alone or in 
combination. 
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The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and chronic urticaria as lacking. 


Causality Conclusion 


Conclusion 10.19: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and chronic uticaria. 


SERUM SICKNESS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of serum sickness after the administration of vaccines contain- 
ing diphtheria toxoid, tetanus toxoid, or acellular pertussis antigens alone 
or in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and serum sickness. 


Mechanistic Evidence 


The committee identified one publication reporting clinical, diagnos- 
tic, or experimental evidence of serum sickness after the administration of 
vaccines containing diphtheria toxoid and tetanus toxoid antigens alone 
or in combination. Daschbach (1972) described a 7-year-old boy present- 
ing with typical serum sickness 3 days after administration of a diphtheria 
and tetanus toxoid vaccine while being treated for a burn. The patient was 
treated with corticosteroids and antihistamines. Laboratory examination 
of the patient’s serum revealed precipitins for tetanus but not diphtheria. 


Weight of Mechanistic Evidence 


The publication did not present clinical evidence sufficient for the 
committee to conclude the vaccine may be a contributing cause of serum 
sickness after administration of a diphtheria toxoid and tetanus toxoid vac- 
cine. The presence of precipitins to tetanus could cause immune complexes 
in vivo, which are a known mechanism of serum sickness. In addition, 
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complement activation may contribute to the symptoms of serum sickness; 
however, the publication did not provide evidence linking these mechanisms 
to diphtheria toxoid-, tetanus toxoid-, or acellular pertussis-containing 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid or tetanus toxoid vaccine and 
serum sickness as weak based on one case. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between acellular pertussis vaccine and serum sickness 
as lacking. 


Causality Conclusion 


Conclusion 10.20: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and serum sickness. 


ARTHROPATHY 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of arthropa- 
thy after the administration of vaccines containing diphtheria toxoid and 
tetanus toxoid antigens alone or in combination. One study (Stetler et al., 
1985) was not considered in the weight of epidemiologic evidence because 
it provided data from a passive surveillance system and lacked an unvac- 
cinated comparison population. 

Two controlled studies (Bengtsson et al., 2010; Pattison et al., 2008) 
were included in the weight of epidemiologic evidence and are described 
below. 

Pattison et al. (2008) conducted a case-control study in 98 patients 
with psoriatic arthritis and 163 psoriasis controls in the United Kingdom. 
The cases were identified through a nationwide campaign and confirmed 
by local consultant rheumatologists, whereas controls were recruited from 
the Psoriasis Clinic at the Dermatology Centre, Hope Hospital, Salford. A 
self-report questionnaire was sent to the cases and controls to assess ex- 
posures in the 10 years before disease onset; 64.9 percent of the cases and 
50.0 percent of the controls responded to the questionnaire. The authors 
reported an increased risk of psoriatic arthritis after tetanus toxoid vaccina- 
tion (OR, 1.91; 95% CI, 1.0-3.7). 

Bengtsson et al. (2010) conducted a case-control study in adults living 
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in parts of Sweden from May 1996 through June 2006. The cases were di- 
agnosed with rheumatoid arthritis by a rheumatologist and were identified 
at rheumatology units in Sweden. Controls were selected from the national 
population register and matched to cases on age, sex, and residential area. 
A questionnaire was given to the cases and controls to report vaccination 
histories in the 5 years before disease onset. A total of 1,998 (95 percent) 
cases and 2,252 (81 percent) controls completed the questionnaire and 
were included in the analysis. The major weakness of the study was that it 
employed no independent verification of reported immunizations, and past 
studies have suggested that many people do not keep careful written records 
nor do they have accurate memories of past immunizations. The odds ra- 
tio for rheumatoid arthritis diagnosis within 5 years of administration of 
tetanus toxoid vaccine was 1.0 (95% CI, 0.8-1.2) and diphtheria vaccine 
was 1.0 (95% CI, 0.7-1.4). The authors concluded that tetanus toxoid or 
diphtheria vaccination does not increase the risk of rheumatoid arthritis. 
Apparently, combination vaccines with pertussis antigen were not studied. 


Weight of Epidemiologic Evidence 


The two studies described above had serious limitations and low preci- 
sion. One study by Pattison et al. (2008) found an association with tetanus 
toxoid vaccine in a small subgroup—individuals with psoriasis; thus the 
results could not be generalized to all adults. The study by Bengtsson et al. 
(2010) found no association with tetanus toxoid or diphtheria vaccine, but 
it relied on subject self-report to determine immunization status. Also, there 
was no assessment of pertussis antigen exposure, which is a component of 
many vaccines for diphtheria and tetanus toxoid administered in the United 
States. The committee did not identify any controlled studies that investi- 
gated the risk of arthritis and DTaP vaccine, or the risk of arthralgia and 
tetanus toxoid-containing vaccines. Therefore, the weight of epidemiologic 
evidence has a narrow focus. See Table 10-4 for a summary of the studies 
that contributed to the weight of epidemiologic evidence. 


The committee has limited confidence in the epidemiologic evi- 
dence, based on two studies that lacked validity and precision, to 
assess an association between diphtheria toxoid or tetanus toxoid 
vaccine and chronic arthritis. 


The epidemiologic evidence is insufficient or absent to assess an 
association between acellular pertussis vaccine and arthropathy. 
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Mechanistic Evidence 


The committee identified 12 publications reporting arthropathy after 
the administration of vaccines containing diphtheria toxoid, tetanus toxoid, 
and acellular pertussis antigens alone or in combination. Sidebotham and 
Lenton (1996) did not provide clinical, diagnostic, or experimental evidence 
of causality, including the latency between administration of a diphtheria 
and tetanus toxoid vaccine and development of joint aches after vaccina- 
tion. Eleven publications did not provide evidence beyond temporality 
(Aksu et al., 2006; Cassidy et al., 2005; David et al., 2006; Gasparini et al., 
2010; Hong et al., 2000; Jawad and Scott, 1989; Kaul et al., 2002; Pich- 
ichero et al., 2005; Pou et al., 2008; Sahin et al., 2009; Zimmerman and 
Pellitieri, 1994). In addition, four publications reported the concomitant 
administration of vaccines, making it difficult to determine which, if any, 
vaccine could have been the precipitating event (Aksu et al., 2006; Cassidy 
et al., 2005; Gasparini et al., 2010; Pou et al., 2008). The publications did 
not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those of arthropathy. Autoantibodies, T cells, complement 
activation, immune complexes, and infection may contribute to arthrop- 
athy; however, the publications did not provide evidence linking these 
mechanisms to diphtheria toxoid-, tetanus toxoid-, or acellular pertussis- 
containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and arthropathy as lacking. 


Causality Conclusion 


Conclusion 10.21: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and arthropathy. 


TYPE 1 DIABETES 


Epidemiologic Evidence 


The committee reviewed five studies to evaluate the risk of type 1 
diabetes after the administration of vaccines containing diphtheria toxoid, 
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tetanus toxoid, and acellular pertussis antigens alone or in combination. 
These five controlled studies (Blom et al., 1991; DeStefano et al., 2001; 
Hviid et al., 2004; Klein et al., 2010; Patterson, 2000) contributed to the 
weight of epidemiologic evidence and are described below. 

Blom et al. (1991) conducted a case-control study in diabetic children 
(0 to 14 years of age) enrolled in the Swedish Childhood Diabetes Register 
from September 1985 through August 1986. A total of 393 children with 
type 1 diabetes were matched to 786 controls (two controls for each case 
matched on age, sex, and county) from the official Swedish population 
register. The dates of vaccination were ascertained from questionnaires 
that were sent to the parents of cases and their matched controls within 4 
weeks of disease diagnosis. Questionnaires were returned for 86 percent of 
the cases and 67 percent of the controls. There were no systematic differ- 
ences in the age, sex, and county categories of those that returned the ques- 
tionnaire compared to those that did not, but other factors that were not 
reported in the study could suggest selection bias. Self-report vaccination 
data were compared to vaccination records from the local child health care 
centers and school health units. The authors were able to validate the vac- 
cination status of 88.5 percent and 82.1 percent of the cases and controls, 
respectively. Since the relative risk ratio of matched and unmatched data 
remained close to 1, the case and control matching was removed to avoid 
losing information during the analysis. The odds ratio for type 1 diabetes 
diagnosis any time after vaccination with combined diphtheria and tetanus 
toxoids vaccine is 0.96 (95% CI, 0.71-1.30), and for tetanus toxoid vac- 
cine it is 0.96 (95% CI, 0.70-1.31). The authors concluded that combined 
diphtheria and tetanus toxoids vaccination, or tetanus toxoid vaccination, 
does not increase the risk of type 1 diabetes in children. 

Patterson et al. (2000) conducted a case-control study in children 
(under 15 years of age) with type 1 diabetes enrolled at the seven centers 
participating in the European Diabetes: Aetiology of Childhood Diabetes 
on an Epidemiological Basis (EURODIAB ACE) Group from 1989 through 
1995. Controls were selected at each center from population registers, 
general practitioners’ lists, or school rolls, and matched to cases by age. Of 
the 1,028 cases and 3,044 controls invited to participate in the study, 900 
(87.5 percent) and 2,302 (75.6) responded, respectively. The authors did 
not provide any information on the nonresponders. Vaccination data were 
obtained from parent interviews or questionnaires depending on the center, 
and were validated with official records or child health care booklets in 74 
percent of the cases and 78 percent of the controls. A diagnosis date was 
assigned to each control based on the midpoint of the recruitment period 
for the corresponding diabetic child. The Mantel Haenszel approach was 
used to stratify the analysis by center; the odds ratio for type 1 diabetes 
diagnosis any time after tetanus toxoid vaccination was 1.20 (95% CI, 
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0.66-2.19), and any time after diphtheria toxoid vaccination it was 1.09 
(95% CI, 0.62-1.93). A logistic regression analysis was used to adjust for 
confounding variables; the odds ratio for type 1 diabetes diagnosis any time 
after tetanus toxoid vaccination was 1.56 (95% CI, 0.73-3.33), and any 
time after diphtheria toxoid vaccination it was 1.27 (95% CI, 0.63-2.56). 
The authors concluded that administration of tetanus toxoid or diphtheria 
toxoid vaccine does not increase the risk of type 1 diabetes in children. 
DeStefano et al. (2001) conducted a case-control study in children (10 
months to 10 years of age) enrolled in four HMOs participating in the 
VSD. A total of 252 type 1 diabetes cases and 768 matched controls were 
included in the analysis. The study required participants to be born in 1988 
through 1997, enrolled in the HMO since birth, and continuously enrolled 
for the first 6 months of life. Additionally, cases had to be enrolled at least 
12 months before the diabetes diagnosis except when diagnosis occurred 
before 12 months of age. The case index date was defined as the first date of 
type 1 diabetes diagnosis in the medical record; controls were assigned the 
same index date as their matched case. At least three controls were matched 
to each case on sex, date of birth (within 7 days), HMO, and length of en- 
rollment in the HMO (up to the index date). Trained chart abstractors ob- 
tained complete vaccination histories from the medical records of the cases 
and controls. Acellular pertussis vaccination was introduced in the later 
years of the study, and only 23 percent of the cases and controls received 
the vaccine. The results of two conditional logistic regression models were 
provided: model 1 stratified by the matching variables; model 2 stratified 
by the matching variables and race, ethnicity, and family history of type 1 
diabetes (additional variables also obtained from medical records). The 
odds ratio for diabetes diagnosis any time after acellular pertussis vaccina- 
tion using model 1 was 0.92 (95% CI, 0.53-1.57), and using model 2 it was 
1.12 (95% CI, 0.63-1.99). The authors concluded that vaccination with 
acellular pertussis does not increase the risk of type 1 diabetes in children. 
Hviid et al. (2004) conducted a retrospective cohort study in children 
born from January 1990 through December 2000 and who resided in Den- 
mark through December 2001 (end of study period). The participants were 
identified in the Danish Civil Registration System, and linked to informa- 
tion on type 1 diabetes diagnoses in the Danish National Hospital Register 
and vaccination data from the National Board of Health. The children were 
followed from birth and removed from the study at the first occurrence of 
an outcome of interest. The study outcomes included diagnosis of type 1 
diabetes, loss to follow-up or emigration, reaching 12 years of age, and 
death. Vaccination status was considered a time-varying variable and was 
classified according to the number of doses administered (zero, one, two, 
or three doses of each vaccine). A total of 739,694 children were included 
in the study, of whom 16,421 were prematurely removed from the analysis 
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because of loss to follow-up, emigration, or death. The rate ratio for type 
1 diabetes diagnosis any time after at least one dose of combined DTaP-IPV 
vaccine (compared to the unvaccinated) was 0.96 (95% CI, 0.71-1.30). The 
study also evaluated the rate ratios of diabetes diagnosis 1, 2, 3, 4, and > 4 
years after DTaP-IPV vaccination and found no significant differences. The 
authors concluded that DTaP-IPV vaccination does not increase the risk of 
type 1 diabetes in children. 

Klein et al. (2010) conducted a cohort study in children (10 to 18 years 
of age) enrolled in the Northern California Kaiser Permanente (NCKP) 
Health Care Plan. Children who received a Tdap vaccination during Sep- 
tember 2005 through December 2006 were included in the analysis and 
monitored for type 1 diabetes diagnoses for the 6 months following vacci- 
nation (ending in June 2007). To identify new cases of diabetes, no diagno- 
ses could appear in the medical records during the year before vaccination. 
The study identified a historical NCKP comparison cohort who received a 
Td vaccination from June 2002 through September 2005, and was matched 
to the Tdap cohort on age, sex, geographic location, and season of vac- 
cination. Each cohort included 12,509 children for a total of 25,018 study 
participants. The matched odds ratio for type 1 diabetes diagnosis within 
6 months following Tdap vaccination (compared to type 1 diabetes within 
6 months of Td vaccination) was 0.333 (95% CI, 0.006—4.151). However, 
only one event and three events of diabetes were observed in the Tdap and 
Td cohorts, respectively, which resulted in low statistical power to detect an 
association. The authors concluded that Tdap vaccination does not increase 
the risk of type 1 diabetes in children compared to Td vaccination, which 
only provides information on the safety of the acellular pertussis antigen 
component. 


Weight of Epidemiologic Evidence 


The five observational studies consistently report no increased risk of 
type 1 diabetes following vaccination with diphtheria toxoid, tetanus tox- 
oid, and acellular pertussis antigens alone or in combination; two studies 
had negligible limitations (Patterson et al., 2000; Hviid et al., 2004). The 
five studies had relatively large sample sizes and were representative of Eu- 
ropean and U.S. populations of children across a broad range of ages and 
varying time periods at risk of type 1 diabetes following vaccination. See 
Table 10-5 for a summary of the studies that contributed to the weight of 
epidemiologic evidence. 


The committee has a high degree of confidence in the epidemiologic 


evidence based on five studies with validity and precision to assess 
an association between diphtheria toxoid-, tetanus toxoid-, or 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


575 


poanuinuo2 


19481831 
uonejndod 
YSIPEMs, 
Tego sq 
ur poyHuspr 





919 
s|ormuoo 
9861/1€/8 
uno. 
S861/1/6 
K1unoo UIOJJ 
(I€'I-0Z'0 TO 9686) 9670 pue *xos 13381839Y 
:UOT]EUI2OEA PIOXO} Snut191 ‘3e uo so1oqeiq 
Joye oum Aue sisouseip pouoieur pooupimq» 
: ; : ; lojsidow 
so1oqeip 1 odí1 10} YO S[o31uo5 QsrpaAs aui Sit 
“ 98¿ ur per[paus ee 
(O€I-1Z°0 D % $6) 96°0 IIM SƏSEO pooup[no 
:UOT]EUTODEA PIOXO} snut3o] sojoqeip ysipams oui 
pue euoqgudrp pourquioo [ əd43 yum sīĽeəÁ 03 pa110do1 (L661) 
poquosop Joye our Aue sisouseip uoip[mn2 F1-0 pose sojoqerp qe 29 
snorəçs ƏSuoN so1oqeip 1 odA 10} YO €6€ |onuoo-32seOƏ uə1p|!uƏ I addy. wojg 
X(snousg 10 ASTA 3ouSiH (onjea ozig umsəq Apnig uonedoq IWM uoneim) 
e|qigqSoN) — ie sdnoxsqng d 10 ID 9666) ;»1eumsq ojdureg Ápnig peugaq 
suonejnrT]  snoouoS01919H 9ZIS 1299 reunig peuyoq K[[euong1od() 





sajaqriq 1 addy, pue saur»oeA Surure3uo^-srssnilaq Ie[n[[oy pue 
‘-ploxo], snuejo] *-proxo], euotpudiq 10} souopra3 orSo[oruoptd jo 3USIAN ou ur pepnpur sətpn3S çs-01 ATAV.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


576 


as -d 

*9S°7-€9'0 TO %S6) LTT 
:SIsÁ[eu? uorssə:8ə: 
2nsido| e Sursn uoneurooeA 
pioxo3 enoyyydip 153je 
əw Áue sisouseip 
so1oqeip 1 oda 10} YO 


S[[o4 [oou»s 





(oc = d JO ‘sist 
*€€£-€70 “D % S6) S9'T | 
£€'€ £Z'0 D % s1ouornmoe1d 
:sısÁjeue š Me 
uorsso1824 2rjsrdo[ e Sursn ocn 
: AM : *s191s1do1 
UOT]LUIDIVA PIOXO} SnUtj9] : 
uonejndod 
Joye ou Áue sisouseip 
so1oqeip 1 odAi 10} YO on ee 
: qoo ye 
(945 = d pə1o2ə|əs ITIM 
*£61-c9'0 ID %S6) 60°T s|onuoo 
:yovoidde |əzsuəeH [o3uejq 
dy} Sutsn uoneurooteA S661 
: TANE uanodui 
pioxo3 enoyyydip 123je iii: 
oum Aue srsougerp E J 
so1oqeip 1 ədÁ} 10} YO odv uo nor qOV 
pouoyeur dVIdOWnd (wopsury 
(se 2d oq ur peau] 
€ . ya e . S[onuo» ç 
*61'c-99'0 ID %S6) OC'T « Sunedronied vuvuow — dno) JOY 
:goeo1dde TOET s19}Uə9 uo4ss  *"dinquioxnT — qvIGdO Wn 
J9zsuəeH [o3uejA oy} Sursn sojoqeip 31? po[[o1uo ‘eruen əy? Aq 
UODEUIOSPA PIOXO1 snuejo] J edÁ uiu a8v Jo sipəÁ “eIAIe’T] pasouseip (0007) 
pequosop Joye our Aue sisouseip uoip[rqo €T 1opun *eusny) sajoqvip ye 39 
Ə|JqISIISƏN ƏuoN sajaqeip 1 odA1 10} YO 006  [OsUOD-aseD uəip|iuo ədomq Tadd],  uosioneq 
>(SNOLIag 10 asiq PYH (anyea ƏZzIÇ usIsaq Apnis uone[ndoq Sung awom UOD?3I7) 
9[qigidoN) ^ ie sdnoiSqng d 10 JD 9566) ,21eumsq o[dureg Apnas Apnas pəuuəq 
suontiurr] snoouoSo1019H ƏZIS VƏ Á1eurtiq peuyoq Ájjeuonerdo 





penunuo) ç-OL TISV.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


577 


poanuinuo2 


(0€'I-LZ*0 D 9686) 9670 
:pesodxoun 

ay} 01 pareduros JUTVA 
AdI-d®& LC Peutrquio» jo 
Əsop əuo 3seə| Jv Joye oun 
Ku? srsouSerp so1oqeip 

I 9d 10} ONLI NLY 


poquosop 
9[q!8S9N 9uoN 


(661-€9'0 ID %S6) CVT 
:7 PpO Sursn uoneuroeA 
sissnjiod Ie[n[[22€ Toye 
au Aue sisouseip 


so3oqerp 1 3d(1 10} YO 
(¿S'I-€S'0 ‘IO %S6) Z6`0 
:[ PpO Suisn uoneurooeA 
sissnjiod 1e[n[[ooe Jaye 
oum Aue srsougerp 
so1oqeip 1 oda 10} YO 


pequosop 


snonog 3UONI 


uoippmo 
Y69'6€Z 


OINH 

Əu ur 
3uouir[[o1uo 
jo yua] 
pue ‘OWH 
q 

Jo aep 
*x3as uo 
pəuo1eu 
s[o:nuoo 


894 


SoJoqerp 

I eda yum 
uəsppyə 
TST 


TOOT/TI 
y3no1y} 
reum 

ur Surprsa1 
*000c/T€/cT 
uqgnodgqi 
0661/1/1 


woz UIOG 


uəspltuo 


110g05 
ƏAno5ədso.3ə11 


sieak QT 01 
sujuotu Qr 
sase */66] 
usnoiu1 
8861 

woa} uioq 


uə1pltuO 


]JO3uo5-2seO 


zew q 


CSA 943 ut 
sunedonied 


SOWH 1noq 


IASIBIY 
yeudsoyy 
[euoneN 
qsrueq oui 
ut sIsouseIp (r007) 
sə34əqerp “ye jo 
T addy, pUAH 


p1ooo1 
jeorpaut ayy 
UI srsougerp 
sə1əqeIp (L007) 
I adAq Jo Te 29 
ovp IsI OULA 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


578 


"eouopiao orgo[oruropido Jo 3USIƏSA dy} ur pooprsuoo JOU 219A suonejrur[ 
SNOTIƏS AIDA SUIABY se possosse SAPNIS 'o[qrgi[gou se po1euSrsop əsou1 uey} suonen [jeordo[opoueur a10ur peu snoras se poieugisop SAPNIS , 
"uoniugop/dno13 Kreurnd ay} 10j parodas o1euiso PAPAS 211 YIM po1eduroo (s[|eA191ur aduapyuos 9566 Suid 
-de[1240u0u YA snoau2804939Q st *3*2) APULOYTUSIS s13Jrp our051no JO əmsodxə jo uonrugop 21eui93[|e/dnousqns IY} 103 91euimnso 1233 [st AL q 
'Ssioqne IYI Aq po1te3s ƏSIMIIYJO ssə|un [AI] ç0`0 [£uonuoAuoo IY} Ao|əq e»ueogrusirs [eorisneis pousse 29231rumoo aug p 








110102 
PLL [£»Hodsr] 
ur po[[o1ua 
9J9^ $00C/6 
uqsSnodqi 
uoneupboeA —C00C/9 NOs 
jo uoseas MODEUIDOPA 
e 
p paAroooad pn 
*uone»o[ ISI 
oiqde13028 PHO 
*xos yoyoo 
‘3e uo depp ur 
peysyeur pə||oruə 29194 
MORS 900c/cl 
I : p. woy qgsnogqi 
SER 9000 warp — coog/g wox crecen 
ei, R. pes 
01 poreduroo) UOI]EUIDOEA 11005 PEU 9 WYM 
dep] Surwoj[oj spuow dep] woy ia cid: sivak 8] ued sisouseIp (OTOT) 
pequosop 9 wym sisouseIp uoip[rqo USHPTHO O1Q] sa8e are PLH so1oqeip je 39 
snoriəs 9UON so1oqerp 1 odi 107 YO 60S°CL HoyoD uopo JANJON T addy, uy 
,(snormg 10 qASTA PYH (anyea ƏZzIÇ  udisaqq Apnis uone[ndoq Sung awom UOD?3I7) 
9[qigi]doN) ^ ie sdnoiSqng d 10 D 9566) ,21eumsq o[dureg Apnas Apnas pəuuəq 
suopeywrg] snoouogSo1019H ƏZIS 15ƏJJ4 Á1eurtiq peuyoq Ájjeuonerdo 





penunuo) ç-OL TISV.L 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


DT-, TT-, AND AP-CONTAINING VACCINES 579 


acellular pertussis-containing vaccine and type 1 diabetes; these 
studies consistently report a null association. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of type 1 diabetes after the administration of vac- 
cines containing diphtheria toxoid, tetanus toxoid, and acellular pertussis 
antigens alone or in combination. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, complement activation, and molecular mimicry 
may contribute to the symptoms of type 1 diabetes; however, the commit- 
tee did not identify literature reporting evidence of these mechanisms after 
administration of vaccines containing diphtheria toxoid, tetanus toxoid, 
and acellular pertussis antigens alone or in combination. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and type 1 diabetes as lacking. 


Causality Conclusion 


Conclusion 10.22: The evidence favors rejection of a causal rela- 
tionship between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and type 1 diabetes. 


MYOCARDITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of myocarditis after the administration of vaccines containing 
diphtheria toxoid, tetanus toxoid, or acellular pertussis antigens alone or 
in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and myocarditis. 
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Mechanistic Evidence 


The committee identified five publications reporting myocarditis de- 
veloping after the administration of vaccines containing diphtheria toxoid, 
tetanus toxoid, and acellular pertussis antigens alone or in combination. 
The publications did not provide evidence beyond temporality (Amsel et al., 
1986; Dilber et al., 2003; Korger et al., 1986; Langsjoen and Stinson, 1965; 
Thanjan et al., 2007). In addition, two publications also reported the ad- 
ministration of additional vaccines, making it difficult to determine which, 
if any, vaccine could have been the precipitating event (Amsel et al., 1986; 
Thanjan et al., 2007). The publications did not contribute to the weight of 
mechanistic evidence. 


Weight of Mechanistic Evidence 


As many as two-thirds of patients infected with Corynebacterium diph- 
theriae develop evidence of myocarditis with 10-25 percent developing 
cardiac dysfunction correlating directly with the severity of local disease 
(MacGregor, 2010). Myocarditis is a prominent effect of the exotoxin re- 
leased by Corynebacterium diphtheriae (MacGregor, 2010); however, the 
toxoid in the vaccine does not cause cellular toxicity. 

The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of myocarditis. Autoantibodies, 
complement activation, molecular mimicry, and T cells may contribute to 
the symptoms of myocarditis; however, the publications did not provide 
evidence linking these mechanisms to diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid vaccine and myocarditis as 
weak based on knowledge about the natural infection. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between tetanus toxoid or acellular pertussis vaccine and 
myocarditis as lacking. 


Causality Conclusion 


Conclusion 10.23: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and myocarditis. 
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FIBROMYALGIA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of fibromyalgia after the administration of vaccines containing 
diphtheria toxoid, tetanus toxoid, or acellular pertussis antigens alone or 
in combination. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and fibromyalgia. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of fibromyalgia after the administration of vac- 
cines containing diphtheria toxoid, tetanus toxoid, or acellular pertussis 
antigens alone or in combination. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and fibromyalgia as lacking. 


Causality Conclusion 


Conclusion 10.24: The evidence is inadequate to accept or reject a 
causal relationship between diphtheria toxoid-, tetanus toxoid-, or 
acellular pertussis-containing vaccine and fibromyalgia. 


SUDDEN INFANT DEATH SYNDROME 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of sudden infant 
death syndrome (SIDS) after the administration of DTaP vaccine. This one 
study (Geier and Geier, 2004) was not considered in the weight of epi- 
demiologic evidence because it provided data from a passive surveillance 
system and lacked an unvaccinated comparison population. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an associa- 
tion between diphtheria toxoid-, tetanus toxoid-, or acellular pertussis— 
containing vaccine and SIDS. 


Mechanistic Evidence 


The committee identified three publications reporting SIDS after the 
administration of vaccines containing diphtheria toxoid, tetanus toxoid, 
and acellular pertussis antigens alone or in combination. The publications 
did not provide evidence beyond temporality (Balci et al., 2007; Pollock 
et al., 1984; Schmitt et al., 1996). In addition, Balci and colleagues (2007) 
reported the administration of additional vaccines, making it difficult to 
determine which, if any, vaccine could have been the precipitating event. 
Also, Schmitt et al. (1996) reported that the incidence of SIDS after admin- 
istration of Infanrix was not higher than expected based on the incidence 
of SIDS in the general population. The publications did not contribute to 
the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and SIDS as lacking. 


Causality Conclusion 


Conclusion 10.25: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine and SIDS. 


IMMUNE THROMBOCYTOPENIC PURPURA 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evaluate 
the risk of immune thrombocytopenic purpura (ITP) after the administra- 
tion of vaccines containing diphtheria toxoid, tetanus toxoid, or acellular 
pertussis antigens alone or in combination. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an as- 
sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and ITP. 


Mechanistic Evidence 


The committee identified two publications reporting ITP developing 
after administration of DTaP vaccine. Demircioglu and colleagues (2009) 
did not provide evidence of causality beyond a temporal relationship of less 
than 1 month between administration of diphtheria, tetanus, pertussis and 
oral polio vaccines and development of ITP in two patients, younger than 2 
years of age, diagnosed from 1995 through 2007. During the study period 
diphtheria, tetanus, whole cell pertussis, and DTaP vaccines were admin- 
istered, and the authors did not indicate which vaccine was administered 
prior to the development of ITP. Furthermore, the concomitant administra- 
tion of vaccines make it difficult to determine which, if any, vaccine could 
have been the precipitating event. Hsieh and Lin (2010) reported one case 
of thrombocytopenic purpura developing 88 days after administration of 
the second dose of a hepatitis B vaccine and the first dose of a DTaP vaccine 
in a 3-month-old patient. The long latency between vaccine administration 
and development of symptoms make it impossible to rule out other pos- 
sible causes. The publications did not contribute to the mechanistic weight 
of evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publications referenced above are con- 
sistent with those leading to a diagnosis of ITP. Autoantibodies, comple- 
ment activation, immune complexes, and T cells may contribute to the 
symptoms of ITP; however, the publications did not provide evidence link- 
ing these mechanisms to diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine. 


The committee assesses the mechanistic evidence regarding an as- 


sociation between diphtheria toxoid-, tetanus toxoid-, or acellular 
pertussis—containing vaccine and ITP as lacking. 
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Causality Conclusion 


Conclusion 10.26: The evidence is inadequate to accept or reject 
a causal relationship between diphtheria toxoid-, tetanus toxoid-, 
or acellular pertussis-containing vaccine and ITP. 


CONCLUDING SECTION 


Table 10-6 provides a summary of the epidemiologic assessments, 
mechanistic assessments, and causality conclusions for diphtheria toxoid-, 
tetanus toxoid-, and acellular-pertussis-containing vaccines. 
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Meningococcal Vaccine 


INTRODUCTION 


Meningococcal disease describes the clinical manifestations of inva- 
sive infection with the gram-negative bacteria Neisseria meningitides. N. 
meningitides (meningococcus) colonizes the human nasopharynx and is 
transmitted through direct contact with respiratory secretions or aerosol- 
ized droplets of respiratory fluids (Granoff et al., 2008). Carried by ap- 
proximately 10 percent of the population, meningococcus is generally a 
communal organism and invasive disease relies on a combination of host 
factors and strain qualities (Granoff et al., 2008). In the United States in 
2004, 1,400—2,800 cases of invasive meningococcal disease were reported 
(CDC, 2005). 

Common symptoms of meningococcal infection include meningitis, 
headache, fever, stiffness of the neck, nausea, vomiting, photophobia, and 
altered mental status (Granoff et al., 2008). Meningococcemia (meningo- 
coccal sepsis) occurs in 10 to 20 percent of cases and is characterized by 
abrupt fever and a rash that may progress to purpura fulminans (Granoff 
et al., 2008). Meningococcemia is associated with hypotension, acute ad- 
renal hemorrhage (Waterhouse-Friderichsen syndrome), and multiorgan 
failure (Granoff et al., 2008). Pneumonia is also associated with meningo- 
coccal disease and occurs in 6 to 15 percent of patients (Racoosin et al., 
1998; Rosenstein et al., 1999). Additionally, conjunctivitis, otitis media, 
epiglottitis, arthritis, urethritis, and pericarditis may occur because of inva- 
sive infection; however, these developments are rare (Apicella, 2010; Miller 
et al., 1979; Rosenstein et al., 1999; Schaad, 1980). 
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The risk of meningococcal disease is higher among asplenic individuals 
and those with deficiencies in the terminal common complement pathway 
of the immune system (CDC, 2005). Additionally, prior viral infection, 
crowding, active and passive smoking, attending bars or nightclubs, and 
imbibing in alcohol are all associated with higher risk of meningococcal 
disease (CDC, 2005). 

Prior to the development of antibiotics, approximately 70 to 85 percent 
of cases of meningococcal disease were fatal (Granoff et al., 2008). With 
the introduction of antibiotics, the case-fatality rate has dropped to nearly 
30 percent worldwide and 10-14 percent in the United States (CDC, 2005; 
Granoff et al., 2008). Ten to 20 percent of meningococcal disease survivors 
experience permanent sequelae such as limb loss, hearing loss, neurologic 
disability, and scarring (Granoff et al., 2008). 

Meningococcus has been grouped into at least 13 different groups 
based on serological differences in the surface polysaccharides (Apicella, 
2010). Of these, five serogroups—A, B, C, W-135, and Y—are responsible 
for almost all instances of meningococcal disease (Granoff et al., 2008). 
Group A meningococcus produces the majority of disease in the “meningitis 
belt” of sub-Saharan Africa but causes less than 0.3 percent of cases in the 
United States and Europe (Granoff et al., 2008). Serogroup W-135 was 
known to cause rare disease until demonstration of W-135 meningococcus 
in outbreaks in 2000 and 2001 during the Hajj in Mecca, Saudi Arabia 
(Granoff et al., 2008). In the United States, the majority of meningococcal 
disease is caused by serogroups B, C, and Y (Granoff et al., 2008). Sero- 
group B causes more than 50 percent of disease in infants less than 1 year 
old, and 75 percent of disease in individuals greater than 11 years is caused 
by serogroups C, Y, or W-135 (CDC, 2005). 

Although various vaccines against meningococcal disease have been 
available for more than 30 years, currently there is no vaccine to protect 
against all five of the pathogenic serogroups. During the early 1900s, at- 
tempts were made to develop inactivated whole-cell vaccine, but this direc- 
tion was abandoned due to ambiguous efficacy results and high rates of 
reactogenicity (Gates, 1918; Granoff et al., 2008; Sophian and Black, 1912; 
Underwood, 1940). The immunogenicity of exotoxin-containing culture 
filtrates was explored in the 1930s (Ferry and Steele, 1935; Kuhns et al., 
1938). The development of antibiotics provided a more effective means to 
combat meningococcal infection. During the 1940s, it was demonstrated 
that inoculation with group-specific polysaccharides produced immuno- 
genicity in mice (Scherp and Rake, 1945), but similar inoculation failed 
to produce the results in humans (Kabat et al., 1944; Watson and Scherp, 
1958). It was later determined that the polysaccharide antigens capable 
of causing immunogenicity in humans were of a higher molecular weight 
than those used by Scherp and Rake (Gotschlich et al., 1972; Kabat and 
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Bezer, 1958). In the late 1960s, Gotschlich and his colleagues developed a 
purification process capable of isolating heavier antigens, and this became 
the basis of current polysaccharide vaccines (Gotschlich et al., 1969). These 
vaccines, including the Food and Drug Administration-licensed Menomune 
(Sanofi Pasteur, Inc.), produce a T cell-independent response and therefore 
are not very effective in young children and do not produce a booster effect 
at any age (Granoff et al., 2008). In the 1980s, researchers demonstrated 
that by conjugating polysaccharides to protein carriers, a T cell-dependent 
immune response could be induced (Anderson et al., 1985; Robbins et al., 
1996). This was significant because polysaccharide vaccines do not induce 
T-dependent immunity (Kelly et al., 2005, 2006) and therefore do not 
confer lasting immunity or significant reduction of meningococcus carriage 
or transmission. In 2005, a tetravalent conjugate vaccine was licensed in 
the United States and approved for use in persons 11-55 years old (CDC, 
2005). 

Currently, there are two types of meningococcal vaccines available in 
the United States: polysaccharide and conjugate. Meningococcal polysac- 
charide vaccines (MPSVs) are available worldwide in bivalent (A and C) 
and tetravalent (A, C, W-135, and Y) formulations, but only the tetra- 
valent MPSV4 Menomune-A/C/Y/W-135 (Sanofi Pasteur) is licensed in 
the United States. Menomune contains 50 pg each of lyophilized powder 
that is reconstituted prior to administration with sterile, pyrogen-free dis- 
tilled water without preservative in the single-dose presentation and with 
sterile, pyrogen-free distilled water and thimerosal, a mercury derivative 
added as a preservative in the multidose presentation (Sanofi Pasteur, Inc., 
2009). Two quadrivalent conjugate vaccines, Menectra (Sanofi Pasteur) 
and Menveo (Novartis Vaccines and Diagnostics) are licensed in the United 
States. Menectra, licensed in 2005, contains 4 pg each of the capsular 
polysaccharide for the four serogroups conjugated to 48 pg of diphtheria 
toxoid (Sanofi Pasteur, Inc., 2011). It is provided in a single-dose vial and 
contains no added preservative or adjuvant (Sanofi Pasteur, Inc., 2011). 
Menveo, licensed in 2011, is composed of 10 pg of A and 5 pg each of C, 
Y, and W-135 oligosaccharides covalently bonded to the CRM197 protein 
(Novartis Vaccines and Diagnostics, 2010). The vaccine is supplied in two 
single-dose vials (A and C-Y-W-135) and contains no preservative or adju- 
vant (Novartis Vaccines and Diagnostics, 2010). 

The Advisory Committee on Immunization Practices currently recom- 
mends routine vaccination of persons 11 to 12 years of age and individuals 
at increased risk of meningococcal disease including college freshman liv- 
ing in dormitories, military recruits, and asplenic individuals (CDC, 2005). 
MOVA is preferred for persons 11 to 55 years of age; however, MPSVA is 
recommended for individuals between 2 and 10 years and those greater 
than 55 years old (CDC, 2005). In 2009, the National Immunization Survey 
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estimated that 53.6 percent of adolescents between 13 and 17 years of age 
had received at least one dose of the MCV4 vaccine (CDC, 2010). 


ENCEPHALITIS AND ENCEPHALOPATHY 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of encephalitis 
or encephalopathy after the administration of meningococcal vaccine. This 
one controlled study (Ward et al., 2007) contributed to the weight of epi- 
demiologic evidence and is described below. 

Ward et al. (2007) conducted a self-controlled case-series study in 
children (2 to 35 months of age) residing in the United Kingdom or Ireland 
between October 1998 and September 2001. The British Pediatric Surveil- 
lance Unit distributed monthly surveillance surveys to pediatricians in order 
to identify children with encephalitis, or suspected severe illness with fever 
and seizures. The questionnaires were reviewed by a physician to confirm 
patients met the case definition of severe neurologic disease (encephalitis 
or febrile seizures). Vaccination histories of confirmed cases were obtained 
from the child’s general practitioner by the Immunization Department, 
Health Protection Agency, Centre for Infections, London. The risk periods 
considered were 0-3 and 0-7 days after meningococcal C conjugate vac- 
cination; each child was categorized as having been vaccinated or unvac- 
cinated, and with disease or without disease based on dates of vaccine 
administration and disease episodes. A total of 50 children (2 to 11 months 
of age) and 107 children (12 to 35 months of age) with confirmed severe 
neurologic disease were included in the analysis. The analysis was stratified 
by age group: 2-11 and 12-35 months. No cases were observed in the 0-3 
day risk period for both age groups. For the 0-7 day risk period, no cases 
were observed for the 2- to 11-month age group but one case was observed 
for the 12- to 35-month age group. 

The study did not find a significant association with any manifestation 
of encephalopathy. The relative risk of severe neurologic disease in the 0-7 
day risk period after meningococcal C conjugate vaccination was estimated 
at 1.28 (9596 CI, 0.17—9.75). As evidenced by the wide confidence interval, 
the sample size is not large enough to get a more precise estimate of the 
relative risk. The authors concluded that administration of meningococcal 
C conjugate vaccine is not associated with an increased risk of severe neu- 
rologic disease within 0 to 7 days of vaccination. 
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Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between meningococcal vaccine and encepha- 
litis or encephalopathy. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of encephalitis or encephalopathy after adminis- 
tration of meningococcal vaccine. 


Weight of Mechanistic Evidence 


T cells and complement activation may contribute to the symptoms of 
encephalitis or encephalopathy; however, the committee did not identify 
literature reporting evidence of these mechanisms after administration of 
meningococcal vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and encephalitis or en- 
cephalopathy as lacking. 


Causality Conclusion 


Conclusion 11.1: The evidence is inadequate to accept or re- 
ject a causal relationship between meningococcal vaccine and 
encephalitis. 


Conclusion 11.2: The evidence is inadequate to accept or re- 
ject a causal relationship between meningococcal vaccine and 
encephalopathy. 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of acute disseminated encephalomyelitis (ADEM) after the 
administration of meningococcal vaccine. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between meningococcal vaccine and ADEM. 


Mechanistic Evidence 


The committee identified one publication reporting ADEM after ad- 
ministration of a meningococcal vaccine. The publication did not present 
evidence beyond temporality (Py and Andre, 1997). The publication did not 
contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of ADEM. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of ADEM; how- 
ever, the publication did not provide evidence linking these mechanisms to 
meningococcal vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and ADEM as lacking. 


Causality Conclusion 


Conclusion 11.3: The evidence is inadequate to accept or reject a 
causal relationship between meningococcal vaccine and ADEM. 


TRANSVERSE MYELITIS 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of transverse myelitis after the administration of meningococcal 
vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between meningococcal vaccine and transverse myelitis. 
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Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of transverse myelitis after administration of me- 
ningococcal vaccine. 


Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of transverse myelitis; however, the committee did not identify 
literature reporting evidence of these mechanisms after administration of 
meningococcal vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and transverse myelitis 
as lacking. 


Causality Conclusion 


Conclusion 11.4: The evidence is inadequate to accept or reject a 
causal relationship between meningococcal vaccine and transverse 
myelitis. 


MULTIPLE SCLEROSIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of multiple 
sclerosis (MS) after the administration of meningococcal vaccine. This one 
study (Laribiere et al., 2005) was not considered in the weight of epidemio- 
logic evidence because it provided data from a passive surveillance system 
and lacked an unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between meningococcal vaccine and MS. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of MS after administration of meningococcal 
vaccine. 
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Weight of Mechanistic Evidence 


Autoantibodies, T cells, and molecular mimicry may contribute to the 
symptoms of MS; however the committee did not identify literature report- 
ing evidence of these mechanisms after administration of meningococcal 
vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and MS as lacking. 


Causality Conclusion 


Conclusion 11.5: The evidence is inadequate to accept or reject a 
causal relationship between meningococcal vaccine and MS. 


GUILLAIN-BARRE SYNDROME 


Epidemiologic Evidence 


The committee reviewed two studies to evaluate the risk of Guillain- 
Barré syndrome (GBS) after the administration of meningococcal vaccine. 
One study (Ball et al., 2001) was not considered in the weight of epidemio- 
logic evidence because it provided data from a passive surveillance system 
and lacked an unvaccinated comparison population. 

The one remaining controlled study (De Wals et al., 2008) contributed 
to the weight of epidemiologic evidence and is described below. 

De Wals et al. (2008) conducted a retrospective cohort study on resi- 
dents of Quebec, Canada, during the 2001 immunization campaign using 
meningococcal C vaccine. According to the Provincial Meningococcal Vac- 
cine Registry, a total of 1,428,463 individuals (aged 2 months to 20 years) 
received at least one dose of vaccine from November 2000 through Decem- 
ber 2002. The vaccination records were linked to hospital discharge records 
using information from the provincial database. Medical records were 
reviewed for patients who had diagnostic codes for GBS in the hospital 
discharge records; the authors classified cases as confirmed, possible, or 
probable. The risk period for observed GBS incidence was defined as 6 or 
8 weeks following vaccination. The control period for expected GBS inci- 
dence included all other time observed during the study period. The analysis 
included 33 patients with GBS, of whom 19 received a meningococcal C 
vaccine. Only 2 cases had GBS onset within 8 weeks of vaccination, which 
was compared to 3.1 expected cases; the 6-week period included 1 observed 
case and 2.5 expected cases. The month- and age-adjusted incidence ratio 
of confirmed, probable, or possible cases of GBS within 8 weeks of menin- 
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gococcal C vaccination was 0.65 (95% CI, 0.01—2.41) and within 6 weeks 
of vaccination was 0.40 (95% CI, 0.02-2.21). The authors concluded that 
meningococcal C vaccination does not appear to be associated with an in- 
creased risk of GBS, but they noted the limited power of the study to detect 
a small increased risk. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between meningococcal C vaccine and GBS. 


Mechanistic Evidence 


The committee identified one publication reporting GBS after adminis- 
tration of meningococcal vaccine. The publication did not provide evidence 
beyond temporality and did not contribute to the weight of mechanistic 
evidence (Pritchard et al., 2002). 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are consis- 
tent with those leading to a diagnosis of GBS. Autoantibodies, complement 
activation, immune complexes, T cells, and molecular mimicry may con- 
tribute to the symptoms of GBS; however, the publication did not provide 
evidence linking these mechanisms to meningococcal vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and GBS as lacking. 


Causality Conclusion 


Conclusion 11.6: The evidence is inadequate to accept or reject a 
causal relationship between meningococcal vaccine and GBS. 


CHRONIC INFLAMMATORY DISSEMINATED POLYNEUROPATHY 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of chronic inflammatory disseminated polyneuropathy (CIDP) 
after the administration of meningococcal vaccine. 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


608 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between meningococcal vaccine and CIDP. 


Mechanistic Evidence 


The committee identified one publication reporting CIDP after adminis- 
tration of meningococcal vaccine. The publication did not provide evidence 
beyond temporality, which was determined to be too long (Datie et al., 
2003). Long latencies between vaccine administration and development of 
symptoms make it impossible to rule out other possible causes. The publica- 
tion did not contribute to the weight of mechanistic evidence. 


Weight of Mechanistic Evidence 


The symptoms described in the publication referenced above are con- 
sistent with those leading to a diagnosis of CIDP. Autoantibodies, T cells, 
and molecular mimicry may contribute to the symptoms of CIDP; however, 
the publication did not provide evidence linking these mechanisms to me- 
ningococcal vaccine. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and CIDP as lacking. 


Causality Conclusion 


Conclusion 11.7: The evidence is inadequate to accept or reject a 
causal relationship between meningococcal vaccine and CIDP. 


ANAPHYLAXIS 


Epidemiologic Evidence 


The committee reviewed three studies to evaluate the risk of anaphy- 
laxis after the administration of meningococcal vaccine. These three studies 
(Ball et al., 2001; Bentsi-Enchill et al., 2007; Yergeau et al., 1996) were not 
considered in the weight of epidemiologic evidence because they provided 
data from passive surveillance systems and lacked unvaccinated comparison 
populations. 
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Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between meningococcal vaccine and anaphylaxis. 


Mechanistic Evidence 


The committee identified four publications reporting anaphylaxis after 
administration of meningococcal vaccine. Two publications did not provide 
evidence including the time frame between vaccination and the development 
of symptoms (Makela et al., 1977; Peng and Jick, 2004). One publication 
reported the concomitant administration of vaccines making it difficult to 
determine which, if any, vaccine could have been the precipitating event 
(Ball et al., 2001). These publications did not contribute to the weight of 
mechanistic evidence. 

Described below is one publication reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Yergeau et. al. (1996) performed a retrospective descriptive study of 
adverse events reported to a central passive surveillance system after menin- 
gococcal vaccination in the province of Quebec, Canada, from December 
1992 through March 1993. Meningococcal vaccines in use during the study 
period included groups A, C, Y, and W135 or only groups A and C. The 
authors reported one case of anaphylaxis developing 30 minutes postvac- 
cination in a 12-year-old girl. The patient presented with decreased blood 
pressure, dyspnea, and bronchospasm despite two doses of adrenalin. The 
patient made a full recovery. 


Weight of Mechanistic Evidence 


The publication described above presented clinical evidence sufficient 
for the committee to conclude the vaccine was a contributing cause of 
anaphylaxis after administration of meningococcal vaccine. The clinical 
description established a strong temporal relationship between administra- 
tion of the vaccine and the anaphylactic reaction. 


The committee assesses the mechanistic evidence regarding an asso- 
ciation between meningococcal vaccine and anaphylaxis as strong 
based on one case presenting temporality and clinical symptoms 
consistent with anaphylaxis. 
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Causality Conclusion 


Conclusion 11.8: The evidence convincingly supports a causal rela- 
tionship between meningococcal vaccine and anaphylaxis. 


CHRONIC HEADACHE 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of chronic 
headache after the administration of meningococcal vaccine. This one study 
(Laribiere et al., 2005) was not considered in the weight of epidemiologic 
evidence because it provided data from a passive surveillance system and 
lacked an unvaccinated comparison population. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between meningococcal vaccine and chronic headache. 


Mechanistic Evidence 


The committee did not identify literature reporting clinical, diagnostic, 
or experimental evidence of chronic headache after administration of me- 
ningococcal vaccine. 


Weight of Mechanistic Evidence 


The committee assesses the mechanistic evidence regarding an as- 
sociation between meningococcal vaccine and chronic headaches 
as lacking. 


Causality Conclusion 


Conclusion 11.9: The evidence is inadequate to accept or reject a 
causal relationship between meningococcal vaccine and chronic 


headache. 


CONCLUDING SECTION 


Table 11-1 provides a summary of the epidemiologic assessments, 
mechanistic assessments, and causality conclusions for meningococcal 
vaccine. 
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Injection-Related Adverse Events 


The adverse events in this chapter were considered by the committee 
as potential consequences associated with direct trauma from the adminis- 
tration of various injected vaccines and not necessarily attributable to the 
contents of the vaccine. 


COMPLEX REGIONAL PAIN SYNDROME 


Epidemiologic Evidence 


No studies were identified in the literature for the committee to evalu- 
ate the risk of complex regional pain syndrome (CRPS) after the injection 
of a vaccine. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between the injection of a vaccine and CR PS. 


Mechanistic Evidence 


The committee identified 10 publications reporting the development or 
exacerbation of CRPS after receiving an injection. Eight publications de- 
scribed cases that did not provide evidence beyond temporality (Bensasson 
et al., 1977; Genc et al., 2005; Jastaniah et al., 2003; Kachko et al., 2007; 
Palao Sanchez et al., 1997; Pirrung, 2010; Siegfried, 1997; Steinberg et al., 
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1995). These cases did not contribute to the weight of mechanistic evidence. 
In addition, Kachko et al. (2007) attributed the development of CRPS to 
Crohn’s disease. These publications did not contribute to the weight of 
mechanistic evidence. 

Described below are publications reporting clinical, diagnostic, or ex- 
perimental evidence that contributed to the weight of mechanistic evidence. 

Jastaniah et al. (2003) described four patients who developed complex 
regional pain syndrome after vaccination against hepatitis B. Case 2 de- 
scribed a 12-year-old girl presenting with swelling, decreased temperature, 
discoloration, and loss of function of the left arm lasting for 1 week. Symp- 
tom onset developed 30 minutes after receiving the first dose of a hepatitis 
B vaccine in the left deltoid muscle. The same symptoms developed within 
minutes and lasted for 1 week after administration of the second dose of 
a hepatitis B vaccine in the right arm. The patient was afflicted by two ad- 
ditional episodes developing spontaneously; one involved the development 
of an urticarial rash and pain in the left foot, the second involved swell- 
ing, pallor, coolness, and pain in the left arm and hand. Case 4 describes a 
12-year-old girl presenting with discoloration, swelling, and the inability to 
clench the fingers of the right hand 15 minutes after receiving the first dose 
of a hepatitis B vaccine in the right deltoid muscle. Past history revealed 
an episode of leg swelling after injection of the first dose of a diphtheria- 
tetanus-pertussis vaccine in the thigh; no other physical exam findings were 
consistent with CRPS. Subsequent pertussis vaccines were withheld and the 
patient tolerated other vaccinations without incident. 

Ali et al. (2000) conducted a study to determine if peripheral ad- 
ministration of physiologically relevant doses of an a-adrenergic agonist 
resulted in pain in patients with sympathetically maintained pain. Twelve 
individuals with either type I or type II CRPS affecting either an upper or 
a lower extremity and normal individuals were recruited to take part in 
the study. The participants diagnosed with CRPS previously underwent lo- 
cal anesthetic blocks of the sympathetic ganglia. Each participant received 
saline, and three concentrations of norepinephrine were administered via 
intradermal injection twice each. One series of injections was administered 
on the unaffected extremity in the mirror image region to the area on the 
affected extremity. Pain to each of the injections was rated by the partici- 
pant. Subsequently, the same series of injections were administered on the 
affected extremity, and the participants rated pain to each of the injections. 
None of the concentrations of norepinephrine elicited pain in the normal 
participants. Likewise, none of the concentrations of norepinephrine elic- 
ited significant pain in the participants diagnosed with CRPS when injected 
into the unaffected side. In contrast, the two highest concentrations of nor- 
epinephrine elicited significant pain in comparison to saline when injected 
in the affected extremity. 

Mailis-Gagnon and Bennett (2004) conducted a study using normal 
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subjects, sympathetically independent pain (SIP) patients, and sympatheti- 
cally maintained pain (SMP) patients to determine if intradermal injection 
of phenylephrine elicits a response similar to that elicited by norepineph- 
rine. The SIP and SMP patients were diagnosed with either type I or type 
II CRPS. Intradermal injection of a placebo or 1 percent solution of phen- 
ylephrine were administered to the forearm, shin of the lower leg, or the 
suprapatellar area of the upper leg. Pain to each of the injections was rated 
by the participants. None of the participants reported unusual pain to the 
placebo. All participants reported stinging or burning pain lasting 15-90 
seconds developing after intradermal injection of phenylephrine. Further- 
more, all SMP patients reported burning pain developing after intradermal 
injection of phenylephrine in the symptomatic limb. In addition, three SMP 
patients reported the development of pain after intradermal injection of 
phenylephrine administered to the unaffected limb. 


Weight of Mechanistic Evidence 


The publications, described above, presented clinical evidence sugges- 
tive but not sufficient for the committee to conclude that the injection of 
a vaccine was a contributing cause of CRPS. The clinical description in 
one case provided by Jastaniah et al. (2003) included evidence of vaccine 
rechallenge and was consistent with CRPS. Furthermore, the latency be- 
tween injection of a vaccine and the development of CRPS in the vaccine 
rechallenge case described above was 30 minutes or less, suggesting injury 
resulting from the injection of the vaccine. Approximately 50 percent of 
patients with CRPS have a history of antecedent trauma to the affected 
limb (Littlejohn, 2008). This is supported by controlled studies, not using 
vaccines, conducted by Ali and colleagues (2000) and Mailis-Ganon and 
Bennett (2004) in which pain was elicited after injection of norepinephrine 
and phenylephrine. 

However, the three other cases described by Jastaniah et al. (2003) and 
cases described by other authors (Bensasson et al., 1977; Genc et al., 2005; 
Jastaniah et al., 2003; Palao Sanchez et al., 1997; Pirrung, 2010) did not 
include convincing evidence beyond a temporal relationship between injec- 
tion of a vaccine and development of CRPS. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the injection of a vaccine and CRPS as low- 
intermediate based on experimental evidence and one case. 


Causality Conclusion 


Conclusion 12.1: The evidence is inadequate to accept or reject a 
causal relationship between the injection of a vaccine and CRPS. 
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DELTOID BURSITIS 


Epidemiologic Evidence 


The committee reviewed one study to evaluate the risk of deltoid bur- 
sitis after the injection of a vaccine. This one controlled study (Black et al., 
2004) contributed to the weight of epidemiologic evidence and is described 
below. 

Black et al. (2004) conducted a retrospective cohort study in pa- 
tients (2 years of age or older) enrolled in the Northern California Kaiser 
Permanente Medical Care Program. The study investigated the occurrence 
of bursitis/synovitis/tenosynovitis (reported as outpatient clinic visits, emer- 
gency room visits, and hospitalizations) after receipt of hepatitis A vaccine 
from April 1997 through December 1998. A total of 49,932 doses of vac- 
cine were administered to 14,898 children (2-17 years) and 35,034 adults 
(= 18 years) during the study. The risk period for outpatient clinic visits and 
emergency room visits was defined as 30 days after vaccination, whereas 
the risk period for hospitalizations was defined as 60 days after vaccina- 
tion. Two control periods were used to evaluate the risk prior to vaccine 
administration (31-60 or 31-90 days before vaccination) and following 
vaccine administration (91-120 or 91-150 days after vaccination). The 
two age groups (children and adults) and events following a first dose and 
second dose of hepatitis A vaccine were evaluated separately. The authors 
only reported statistically significant associations in the article, and only 
one analysis was listed. The relative risk of an emergency room visit for 
bursitis/synovitis/tenosynovitis within 30 days of administration of a sec- 
ond dose of hepatitis A vaccine among patients aged > 18 years was 0.55 
(95% CI, 0.32-0.92). The authors did not observe a consistent protective 
effect between the administration of hepatitis A vaccine (first or second 
dose) and bursitis/synovitis/tenosynovitis for either age group in the three 
defined settings. 


Weight of Epidemiologic Evidence 


The committee has limited confidence in the epidemiologic evi- 
dence, based on one study that lacked validity and precision, to 
assess an association between the injection of a vaccine and deltoid 
bursitis. 


Mechanistic Evidence 


The committee identified three publications and three Vaccine Adverse 
Event Reporting System (VAERS) reports describing the development of 
deltoid bursitis after administration of a vaccine by injection. Black and col- 
leagues (2004) identified cases of bursitis/synovitis/tenosynovitis developing 
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after vaccination against hepatitis A using the vaccine VAQTA reported to 
the Kaiser Permanente Medical Care Program from April 1997 through 
December 1998. The location of the bursitis/synovitis/tenosynovitis was 
not indicated. Therefore, this publication did not contribute to the weight 
of mechanistic evidence. 

Described below are two publications and three VAERS reports provid- 
ing clinical, diagnostic, or experimental evidence that contributed to the 
weight of mechanistic evidence. 

Atanasoff et al. (2010) identified 13 claims in the National Vaccine 
Injury Compensation Program (VICP) database in which injury to the 
shoulder was reported. All claimants were adult and 11 were women. Out 
of the women, eight received an influenza vaccine, two received a tetanus 
reduced diphtheria vaccine, and one received a human papillomavirus vac- 
cine. The two men received tetanus, reduced diphtheria, and reduced per- 
tussis vaccine. The onset of pain in the shoulder developed immediately or 
within 24 hours after vaccination in 54 percent and 93 percent of the cases 
respectively. Limited and painful range of motion was the most common 
finding, whereas weakness, tingling, and numbness were uncommon. Fluid 
collections in the deep deltoid, tendonitis, rotator cuff tears, subchondral 
changes in the humerus, bursitis, and increased fluid within the bursa were 
observed via MRI. In addition, 15 percent of the cases were found to have 
complete rotator cuff tears. 

Three VAERS reports describing shoulder dysfunction after admin- 
istration of influenza vaccines were identified by Vellozzi and colleagues 
(2009) and obtained via a Freedom of Information Act (FOIA) request 
(FDA, 2010). VAERS ID 28572 describes a 52-year-old woman presenting 
with muscle stiffness, swelling, and an arm hot to touch developing the 
same day after administration of an influenza vaccine. The patient reported 
similar symptoms accompanied by an inability to raise the arm laterally 
for more than 1 year after administration of an influenza vaccine 5 years 
earlier. VAERS ID 93764 describes a 63-year-old woman presenting with 
a reddened area tender to touch the size of a 25-cent piece and swelling of 
the arm and hand 10 minutes after administration of an influenza vaccine. 
The following day the patient had difficulty lifting the arm. The patient 
experienced similar symptoms with a previous influenza vaccine. VAERS 
ID 107626 describes a 55-year-old woman presenting with extreme pain 
and reduced range of motion 10 minutes after administration of an influ- 
enza vaccine. The patient reported similar symptoms after vaccination the 
previous year. 


Weight of Mechanistic Evidence 


The publications, described above, presented clinical evidence suffi- 
cient for the committee to conclude that the injection of a vaccine was a 
contributing cause of deltoid bursitis. The clinical descriptions provided by 
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Atanasoff et al. (2010) were consistent with deltoid bursitis and established 
a strong temporal relationship between injection of a vaccine and develop- 
ment of deltoid bursitis. Furthermore, the observations made by MRI by 
Atanasoff et al. (2010) suggest that the injection, and not the contents of 
the vaccine, contributed to the development of deltoid bursitis. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the injection of a vaccine and deltoid bursitis 
as strong based on 16 cases presenting definitive clinical evidence. 


Causality Conclusion 


Conclusion 12.2: The evidence convincingly supports a causal 
relationship between the injection of a vaccine and deltoid bursitis. 


SYNCOPE 


Epidemiologic Evidence 


The committee reviewed 21 studies to evaluate the risk of syncope 
after the injection of a vaccine. Eighteen studies (Bino et al., 2003; Braun 
et al., 1997; D’Heilly et al., 2006; Dobardzic et al., 2007; Dobson et al., 
1995; D’Souza et al., 2000; DuVernoy and Braun, 2000; Ion-Nedelcu 
et al., 2001; Khetsuriani et al., 2010; Laribiere et al., 2005; Sejvar et al., 
2005; Sever et al., 2004; Slade et al., 2009; Sri Ranganathan et al., 2003; 
Vahdani et al., 2005; Vika et al., 2006; Wise et al., 2004; Woo et al., 2006) 
were not considered in the weight of epidemiologic evidence because they 
provided data from passive surveillance systems or self-report surveys, 
and lacked unvaccinated comparison populations. Three controlled studies 
(Bernstein et al., 2005; Beytout et al., 2009; Block et al., 2010) had very 
serious methodological limitations that precluded their inclusion in this 
assessment. Bernstein et al. (2005), Beytout et al. (2009), and Block et al. 
(2010) conducted double-blind, randomized controlled trials, but too few 
events were reported to adequately assess the risk of syncope following the 
injection of various vaccines. 


Weight of Epidemiologic Evidence 


The epidemiologic evidence is insufficient or absent to assess an 
association between the injection of a vaccine and syncope. 


Mechanistic Evidence 


The committee identified 29 publications reporting syncope or syncopal 
seizure after receipt of an injection. Seventeen publications reported syn- 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


INJECTION-RELATED ADVERSE EVENTS 621 


cope developing after vaccination but either did not provide a time frame 
between the two events or the time frame provided was nonspecific (Bino 
et al., 2003; D’Heilly et al., 2006; Dobardzic et al., 2007; Dobson et al., 
1995; DuVernoy and Braun, 2000; Ion-Nedelcu et al., 2001; Khetsuriani 
et al., 2010; Reisinger et al., 2010; Rivera Medina et al., 2010; Schnatz 
et al., 2010; Sejvar et al., 2005; Sever et al., 2004; Southern et al., 2006; 
Sri Ranganathan et al., 2003; Vahdani et al., 2005; Wise et al., 2004; Woo 
et al., 2006). These publications did not contribute to the weight of mecha- 
nistic evidence. 

Described below are 12 publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence. 

Buttery et al. (2008) identified adverse events following vaccination 
against human papillomavirus. The adverse events were reported to Sur- 
veillance of Adverse Events following Vaccination in the Community 
(SAFEVIC) in Australia in April 2007. The authors identified cases of syn- 
cope developing within 2 hours after vaccination. One case presented with 
a second episode of syncope 2 days later. 

D’Souza et al. (2000) identified adverse events developing after adminis- 
tration of a measles, mumps, and rubella vaccine reported to the vaccine pro- 
viders participating in the Measles Control Campaign (MCC), to the Serious 
Adverse Events Following Vaccination Surveillance Scheme (SAFEVSS), and 
to the Adverse Drug Reactions Advisory Committee (ADRAC) in Australia 
from August to November 1998. The authors identified 29 cases of syncope 
or syncopal seizure developing after vaccination. Twenty-one of the 29 cases 
developed within 1 hour after vaccination. Similarly, 21 of the 29 cases did 
not require medical attention. 

Keyserling et al. (2005) conducted a randomized, double-blind trial 
at 11 clinical centers in the United States where meningococcal vaccines 
were administered to 881 individuals ranging from 11 to 18 years of age. 
Two participants experienced a vasovagal episode within 30 minutes after 
receiving a meningococcal vaccine. Medical intervention was not required. 

Labribiére et al. (2005) conducted a prospective study using surveys 
completed by physicians and families to study adverse events reported after 
administration of meningococcal vaccines in France. The authors identified 
10 cases of seizures or tonic-clonic movements during syncope. In addition, 
the authors described one case of syncope in some detail. An 11-year-old 
boy presented with loss of consciousness, hypotension, bradypnea, and 
bradycardia 3 minutes after vaccination. The patient experienced two ad- 
ditional episodes within 1 hour. 

Meyer et al. (2001) describe a 10-year-old boy presenting with loss 
of consciousness for 30 seconds after feeling dizzy and experiencing optic 
sensations a few minutes after receiving a vaccine against tick-borne en- 
cephalitis. The patient had a similar episode 4 months later after receiving 
a measles, mumps, and rubella vaccine. In addition, the patient had previ- 
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ously become pale, lost consciousness, and developed a seizure 2 minutes 
after venipuncture. Twenty seconds after venipuncture the patient’s heart 
rate decreased from 110 to 50 beats per minute followed by 6 seconds of 
asystole. The patient recovered in less than 30 seconds. 

Braun et al. (1997) analyzed reports to VAERS from its inception 
through October 1995. The authors identified 697 reports of syncope 
developing within 12 hours after vaccination. Of the 697 reports 323 oc- 
curred within 5 minutes, 454 occurred within 15 minutes, 500 occurred 
within 30 minutes, and 511 occurred within 1 hour after vaccination. Of 
the 697 reports, 67 required hospitalization. Six cases were described in 
detail. Case 1 describes a 17-year-old boy who developed syncope 10 min- 
utes after receiving tetanus-diphtheria and measles, mumps, and rubella 
vaccines. The patient suffered a linear skull fracture and bilateral fronto- 
temporal contusions. Case 2 describes a 12-year-old boy who developed 
syncope 10 to 15 minutes after receiving a measles, mumps, and rubella 
vaccine. The patient suffered frontal cerebral contusions. Case 3 describes a 
26-year-old man who developed syncope less than 3 minutes after receiving 
tetanus-diphtheria and measles, mumps, and rubella vaccines. The patient 
suffered a linear nondepressed skull fracture and contusions of the frontal 
and temporal regions. Depression and cognitive deficits continued through 
a follow-up 2 years after injury. Case 4 describes a 28-year-old man who 
developed syncope within 1 minute after receiving a measles vaccine. The 
patient suffered from a subdural and epidural hematoma compressing the 
right lateral ventricle. The patient experienced months of cognitive, behav- 
ioral, speech, and language problems after the injury. Case 5 describes a 
15-year-old boy who developed syncope less than 10 minutes after receiv- 
ing a tetanus-diphtheria vaccine. The patient suffered a massive cerebral 
hemorrhage from a lacerated middle meningeal artery. Two years after the 
injury the patient had a right hemiparesis. Case 6 describes an 18-year-old 
girl who developed syncope 5 minutes after receiving a tetanus-diphtheria 
vaccine. The patient suffered a skull fracture, cerebral contusions, and a 
right frontal hematoma. 

Miller and Woo (2006) describe a teenage boy who experienced vaso- 
vagal syncope a few minutes after receiving the third dose of a hepatitis B 
vaccine. The patient fell striking his head. Upon regaining consciousness the 
patient developed seizures and cardiopulmonary arrest after complaining 
of pain in the chest and arms. Resuscitation attempts failed and the patient 
died. Frontal lobe contusions, edema, and cerebral hemorrhage were ob- 
served during autopsy. The fall and resulting head injuries were determined 
to be the cause of death. In addition, the authors identified 2,366 reports 
of syncope submitted to VAERS since 1990. 

Slade et al. (2009) analyzed reports of adverse events developing after 
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vaccination with the quadrivalent human papillomavirus vaccine Gardasil 
received by VAERS from June 2006 through December 2008. The authors 
identified 1,896 cases reporting syncope. Syncope developed on the same 
day of vaccination in 90 percent of the cases reporting a time interval be- 
tween the onset of symptoms and vaccination. Fifty percent of the cases 
occurring on the day of vaccination developed within 15 minutes after vac- 
cination. Of the 1,896 reports of syncope, 293 resulted in a fall of which 
200 resulted in a head injury. 

One VAERS report describing syncope after administration of an influ- 
enza vaccine was identified by Vellozzi and colleagues (2009) and obtained 
via a FOIA request (FDA, 2010). VAERS ID 212825 describes a 49-year-old 
man presenting with brief syncope after vaccination. The patient’s blood 
pressure was initially 80/60, and after 5 minutes it was reported to be 
100/60. The patient experienced a similar episode after a previous influenza 
vaccination. 

Konkel et al. (1993) and Wiersbitzky et al. (1993) describe a 6-year-old 
presenting with loss of consciousness, generalized tonic-clonic seizures, and 
enuresis 10 minutes after administration of a measles, mumps, and rubella 
vaccine. 

Zimmerman et al. (2010) conducted a randomized trial of an alternate 
human papillomavirus vaccine administration schedule and received 114 
and 95 reports of adverse events in the standard schedule group and the al- 
ternate schedule group, respectively. One case of syncope was reported and 
described in some detail. The patient developed syncope, which resolved 
without complications, immediately after receiving a dose of the quadriva- 
lent human papillomavirus vaccine. The patient was on the examination 
table at the time. 


Weight of Mechanistic Evidence 


The publications described above presented clinical evidence sufficient 
for the committee to conclude that the injection of a vaccine was a con- 
tributing cause of syncope. The clinical descriptions provided in many 
publications establish a strong temporal relationship between injection 
of a vaccine and development of syncope. Furthermore, the prodromal 
symptoms, including dizziness and pallor, described in some publications, 
are consistent with those developing before vasovagal syncope. Also, one 
patient experienced a decreased heart rate seconds after venipuncture and 
before fainting suggesting vasovagal syncope. This patient developed two 
additional episodes of syncope after injection of two different vaccines, sug- 
gesting that the injection, and not the contents of the vaccine, contributed 
to the development of syncope. 
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The latency, of 15 minutes or less, between injection of a vaccine and 
the development of syncope in many of the cases described above suggests 
vasovagal syncope as the mechanism. 


The committee assesses the mechanistic evidence regarding an as- 
sociation between the injection of a vaccine and syncope as strong 
based on 35 cases! presenting definitive clinical evidence. 


Causality Conclusion 


Conclusion 12.3: The evidence convincingly supports a causal re- 
lationship between the injection of a vaccine and syncope. 


CONCLUDING SECTION 


Table 12-1 provides a summary of the epidemiologic assessments, 
mechanistic assessments, and causality conclusions for injection-related 
adverse events. 





1 In addition, hundreds of cases have been reported to passive surveillance systems; however, 
it is not possible to know how many represent unique cases or were reported elsewhere. 
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Concluding Comments 


The committee acknowledges that some readers may have concerns 
about two aspects of the report. First, the committee does not make con- 
clusions about how frequently vaccine adverse events occur. Secondly, the 
committee concluded, for most analyses, that the evidence is inadequate 
to accept or reject a causal relationship and some readers might interpret 
the committee’s language in different and inaccurate ways. The committee 
offers concluding comments to address these two issues. 

This report is not intended to answer the question “Are vaccines safe?". 
The committee was not charged with answering that question. Other bod- 
ies make that determination and contribute to ongoing safety monitoring, 
including governmental agencies, care providers, and industry, as they de- 
termine the benefits and risks of marketing a product. At all levels, policy 
determining vaccine use requires a balancing of risks and benefits. As 
described in Chapter 1 and the Preface, that is outside the bounds of this 
committee’s assignment. It should also be noted that where the committee 
has found evidence of a causal relationship, it does not make conclusions 
about the rate or incidence of these adverse effects. 

Determining the rate of specific adverse events following immuniza- 
tion, in the general population or a subset thereof, is challenging. It would 
be possible, for example, to estimate a rate of the occurrence of a specific 
adverse effect in a vaccinated population or susceptible subgroup of in- 
terest. This could be done using a summary relative risk or absolute risk 
difference (e.g., estimated from a set of consistent reports reviewed by the 
committee) if there were large population-based studies of the occurrence 
of the adverse event in unvaccinated individuals (e.g., in the general popu- 
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lation or susceptible subgroups of interest) who do not substantially differ 
from those vaccinated on any known, important confounders (e.g., age and 
exposure to other vaccinations or other agents or factors known to cause 
the adverse event). None of these preconditions is fully met for the adverse 
events reviewed in this report. 

The committee also notes here that large epidemiologic studies that 
report no cases of the adverse event of interest in vaccinated study partici- 
pants, if included in our analyses, raise particular concerns. If at least some 
cases of the adverse event occurred in a study’s unvaccinated comparison 
population, an upper limit of the 95% confidence interval (CI) for the 
study’s relative risk or absolute risk difference could be estimated, but one 
would be unable to rule out a possibly increased risk unless the vaccine was 
significantly protective against that particular adverse effect. Also, including 
such studies may have exacerbated problems with detection biases unless 
precautions were taken to ensure equal surveillance for the adverse event in 
the unvaccinated and vaccinated populations being compared. 

Discussion of the adverse events where the committee concluded that 
there is evidence to support causation illustrates more fully the challenge of 
specifying rates, although for some estimates can be provided. 

MMR vaccine: The committee concluded that the evidence favors ac- 
ceptance of a causal relationship between measles, mumps, and rubella 
(MMR) vaccine and febrile seizures. Approximately 4 percent of children 
will experience a febrile seizure by 5 years of age (Marin et al., 2010). Fe- 
ver may occur following MMR vaccination, and some children who have 
fever following MMR may have a febrile seizure. It is important to note 
that simple febrile seizures are benign and have no permanent sequelae. 
For example, children with simple febrile seizures have no greater chance 
of getting epilepsy or experiencing long-term brain damage than children 
who do not have febrile seizures. 

Three of the studies the committee examined provided both a number 
of children vaccinated with MMR (the denominator) and the number of 
febrile seizures considered to be attributable to MMR (Farrington et al., 
1995; Griffin et al., 1991; Vestergaard et al., 2004). Children who receive 
the MMR vaccine are at risk for febrile seizures 8-14 days after vaccina- 
tion (Marin et al., 2010). About one additional febrile seizure occurs dur- 
ing the 30 days after vaccination among every 3,000-4,000 children who 
receive MMR vaccine, compared with children who are not vaccinated 
(Marin et al., 2010). Using the number of febrile seizures attributed to 
MMR vaccine, and dividing by the number of children in the cohort, each 
of the other studies provides a similar rate, between one in 1,000 and one 
in 4,000 doses. 

Varicella vaccine: The varicella vaccine accounted for five of the affir- 
mative causality conclusions. All were caused by infection of persons with 
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the varicella vaccine strain, usually in immunodeficient persons. Varicella 
vaccine is a live virus vaccine that is contraindicated in people with known, 
severe immunodeficiency, including severe combined immunodeficiency, 
other congenital immunodeficiencies, and immunodeficiency arising from 
long-term immunosuppressive therapy or from chemotherapy for hema- 
tologic or solid tumors. The evidence for the causal relationships for ad- 
verse events from infection by the vaccine virus came from case reports, 
so there was no cohort or background population to allow calculation 
of a rate, even among the population of people who have demonstrated 
immunodeficiencies. 

Although the lifetime rate of shingles in the population has been es- 
timated (9-10 percent for those under 45 years of age, 22-32 percent 
in older persons) (Chapman et al., 2003), the rate of shingles and other 
infection-related adverse events associated specifically with the varicella 
vaccine virus are not known for several reasons. First, while the rate of 
shingles can be estimated (see Chapman, above), in most cases the virus is 
not characterized, meaning no test is done to determine whether the virus 
is wild or vaccine type. Second, while the Food and Drug Administration 
(FDA) and the Centers for Disease Control and Prevention (CDC) oversee 
a large database of reports, the Vaccine Adverse Event Reporting System 
(VAERS), those reports are often incomplete and do not always have the 
information that would document the vaccine strain or the presence or 
absence of immunodeficiency. However, it appears likely to the committee 
that the risk of vaccine-strain varicella infection and subsequent serious dis- 
ease to persons demonstrated to be immunocompetent is exceedingly low, 
while the risk to those with severe immunodeficiency is real, which is what 
the CDC and FDA have concluded by deciding that varicella vaccination 
is contraindicated in such persons. And, of course, immunocompromised 
individuals benefit greatly from a high level of immunity to varicella within 
the community. 

Anaphylaxis: Although it is also difficult to estimate rates for very rare 
conditions, the committee concluded that evidence supports the association 
of anaphylaxis with certain vaccines in certain circumstances, but the num- 
ber of events related to each specific vaccine is not known. Rates can be es- 
timated from surveillance studies, but often specific details are missing, and 
each case cannot be linked with certainty to vaccine. For example, Bohlke 
et al. (2003) (an uncontrolled study from the Vaccine Safety Datalink 
[VSD] network) reported three cases of anaphylaxis after administration of 
848,945 doses of MMR vaccine. However, two of those children received 
vaccines in addition to MMR, and the confidence interval for the calculated 
rate per million doses was very wide (rate per million doses = 3.5, 95% CI, 
0.7-10.3). Lastly, regarding this example of a rare condition, not only is 
the number of true anaphylactic reactions to vaccines not known, but also 
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the “denominator” of persons susceptible to anaphylaxis (rather than the 
general population of persons to be vaccinated) is unknown. 

Anaphylactic reactions to several vaccines are likely caused by the 
presence of components introduced during manufacturing, such as egg 
protein, milk protein, or gelatin. When a specific inciting component of 
the vaccine has been identified and the manufacturers find ways to remove 
or drastically reduce the amount of the reactive antigen (e.g., egg protein 
in influenza vaccine), the number of reports of anaphylaxis in spontane- 
ous reporting systems has decreased. It appears likely to the committee 
that the risk of anaphylaxis caused by vaccines is exceedingly low in the 
general population. The risk is obviously higher in people with known and 
demonstrably severe allergies to certain vaccine components, such as eggs 
or gelatin. 

An affirmative finding for causality was determined for a very mild 
condition (oculorespiratory syndrome) subsequent to certain influenza vac- 
cines used only in two seasons in Canada. The committee made no attempt 
to determine the rate of this condition. 

Finally, the committee determined that evidence supported an asso- 
ciation with what the committee considered to be injection-related events: 
deltoid bursitis and syncope. These injection-related events are known to 
be caused by many things other than vaccine administration and are likely 
often unreported. Estimates of the rates caused by vaccination are similarly 
not available, as population-based studies have not been conducted. 

The seriousness of any particular adverse effect is a complex question, 
taking into account such factors as the degree and duration of disability 
and the type of health care needed as a result, recognizing that any indi- 
vidual who experiences an adverse effect may regard it as serious. All of 
these considerations have social and ethical components as well. Deeming 
this calculus to be too complex to define with particularity, the committee 
elected to defer to common understanding within the health care commu- 
nity for assessment of the seriousness of any particular adverse effect. 

An issue that is likely to be of concern to some readers regards the very 
stringent approach our committee has taken. For the majority of adverse 
events the committee was asked to examine, the committee concludes that 
the evidence is inadequate to accept or reject a causal relationship. Some 
might interpret that to mean either of the following statements: 


e Because the committee did not find convincing evidence that the 
vaccine does cause the adverse event, the vaccine is safe. 

° Because the committee did not find convincing evidence that the 
vaccine does not cause the adverse event, the vaccine is unsafe. 
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Neither of these interpretations is correct. “Inadequate to accept or 
reject” means just that—inadequate. If there is evidence in either direction 
that is suggestive but not sufficiently strong about the causal relationship, it 
will be reflected in the weight-of-evidence assessments of the epidemiologic 
or the mechanistic data. However suggestive those assessments might be, 
in the end the committee concluded that the evidence was inadequate to 
accept or reject a causal association. 

The committee does want to emphasize many of the adverse events ex- 
amined are exceedingly rare in the population overall, and in most instances 
any particular adverse event, be it arthritis, meningitis, or any of the other 
vaccine-adverse events that the committee considered, are not preceded by 
immunization. The committee chose cautious and scientific language for 
our conclusions, because, especially with rare events, it is not possible to 
prove a negative (i.e., the vaccine did not and cannot cause the event). The 
committee cannot say that in a certain person at a certain time, some event 
cannot happen; there is much about biology that is not known. 

The committee tried to apply consistent standards when reviewing 
individual articles and when assessing the bodies of evidence. Some of the 
conclusions were easy to reach; the evidence was clear and consistent or, in 
the other extreme, completely absent. Some conclusions required substan- 
tial discussion and debate. Inevitably, there are elements of expert clinical 
and scientific judgment involved. 

The committee used the best evidence available at the time. The com- 
mittee hopes that the report is sufficiently transparent such that when new 
information emerges from either the clinic or the laboratory, others will be 
able to assess the importance of that new information within the approach 
and set of conclusions set forth in this report. 

The committee hopes this summary of the thinking of the committee 
is helpful to the reader. 
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Glossary 


Acute disseminated encephalomyelitis (ADEM): An acute demyelinating 
disorder of the central nervous system in which focal demyelination is pres- 
ent throughout the brain and spinal cord.! 

Afebrile convulsions: A convulsion that occurs in the absence of fever. 
Amyotrophic lateral sclerosis: A fatal degenerative disease involving the 
corticobulbar, corticospinal, and spinal motor neurons, manifested by pro- 
gressive weakness and wasting of muscles innervated by the affected neu- 


rons; fasciculations and cramps commonly occur.! 


Anaphylaxis/anaphylactic shock: An immediate and severe allergic reaction 
to a substance. 


Arthralgia: Pain in a joint.! 


Arthritis: Inflammation of one or more joints, which results in pain, swell- 
ing, stiffness, and limited movement.? 


Arthropathy: Any disease affecting a joint.! 


Asthma: An inflammatory disorder of the airways, which causes attacks of 
wheezing, shortness of breath, chest tightness, and coughing.* 


635 
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Ataxia: An inability to coordinate muscle activity during voluntary move- 
ment; most often results from disorders of the cerebellum or the posterior 
columns of the spinal cord; may involve the limbs, head, or trunk.! 


Autism: A developmental disorder that appears in the first 3 years of life, 
and affects the brain’s normal development of social and communication 


skills.? 


Autoimmune hepatitis: Chronic liver disease of unknown etiology char- 
acterized by histologic presence of periportal hepatitis with plasma cell 
infiltration, hypergammaglobulinemia, and presence of autoantibodies in 
the serum.! 


Bell's palsy: Paresis or paralysis, usually unilateral, of the facial muscles, 
caused by dysfunction of the seventh cranial nerve; probably due to a viral 
infection; usually demyelinating in type.! 


Bias: Systematic deviation of results or inferences from truth; processes 
leading to such deviation. An error in the conception and design of a 
study—or in the collection, analysis, interpretation, reporting, publication, 
or review of data—leading to results or conclusions that are systematically 
(as opposed to randomly) different from the truth.* 


Brachial neuritis: Inflammation of nerves in the arm causing muscle weak- 
ness and pain.’ 


Case-crossover study: The method is akin to a matched case-control study, 
in which the controls are sampled from the person-time of the case prior to 
the event. Vaccinations are ascertained in a defined time period immediately 
prior to the event and in one or several earlier control periods of the same 
duration. This produces, for each case, a matched set of exposure variables 
corresponding to the event and control periods, which may be analyzed as 
in a case-control study.^ 


Case-control study: The observational epidemiologic study of persons with 
the disease (or another outcome variable) of interest and a suitable control 
group of persons without the disease (comparison group, reference group). 
The potential relationship of a suspected risk factor or an attribute to the 
disease is examined by comparing the diseased and nondiseased subjects 
with regard to how frequently the factor or attribute is present (or, if 
quantitative, the levels of the attribute) in each of the groups (diseased and 
nondiseased).^ 


Copyright O National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


APPENDIX A 637 


Case-only study: A method that analyzes data from a case series. It may be 
seen as an epidemiologic equivalent of the “thought experiment” used by 
theoretical physicists. It is used in the case-crossover study, in case-specular 
designs, and in molecular and genetic epidemiology to assess relationships 
between environmental exposures and genotypes.* 


Case report: Detailed description of a few patients or clinical cases (fre- 
quently, just one sick person) with an unusual disease or complication, 
uncommon combinations or diseases, or an unusual or misleading semiol- 
ogy, cause, or outcome.* 


Case series: A collection of patients with common characteristics used to 
describe some clinical, pathophysiological, or operational aspect of a dis- 
ease, treatment, or diagnostic procedure. Some are similar to the larger case 
reports and share the virtues of this design.^ 


Cerebellar ataxia: Loss of muscle coordination caused by disorders of the 
cerebellum.! 


Chronic fatigue syndrome: Syndrome of persistent incapacitating weakness 
or fatigue, accompanied by nonspecific somatic symptoms, lasting at least 
6 months, and not attributable to any known cause.! 


Chronic headache: Pain in various parts of the head, not confined to the 
area of distribution of any nerve.! 


Chronic inflammatory disseminated polyneuropathy (CIDP): An uncom- 
mon, acquired, demyelinating sensorimotor polyneuropathy, clinically 
characterized by insidious onset, slow evolution (either steady progression 
or stepwise), and chronic course; symmetric weakness is a predominant 
symptom, often involving proximal leg muscles, accompanied by paresthe- 
sias, but not pain; CSF examination shows elevated protein, whereas elec- 
trodiagnostic studies reveal evidence of a demyelinating process, primarily 
conduction slowing rather than block; sometimes responds to prednisone.! 


Chronic urticaria: A form of urticaria in which the wheals recur frequently, 
or persist. 


Cohort study: The analytic epidemiologic study in which subsets of a de- 
fined population can be identified who are, have been, or in the future may 
be exposed or not exposed, or exposed in different degrees, to a factor or 
factors hypothesized to influence the occurrence of a given disease or other 
outcomes. The main feature of cohort study is observation of large numbers 
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over a long period (commonly years), with comparison of incidence rates 
in groups that differ in exposure levels. The alternative terms for a cohort 
study (i.e., follow-up, longitudinal, and prospective study) describe an es- 
sential feature of the method, which is observation of the population for a 
sufficient number of person-years to generate reliable incidence or mortal- 
ity rates in the population subsets. This generally implies study of a large 
population, study for a prolonger period (years), or both. The denomina- 
tors used for analysis may be persons or person-time.^ 


Complex regional pain syndrome (CRPS): A condition of chronic, severe, 
and often burning pain usually of part or all of one or more extremities that 
typically occurs following an injury, that is often accompanied by swelling, 
skin discoloration, allodynia, abnormal sweating, and impaired motor func- 
tion in the affected area, and that is of unknown pathogenesis? 


Confounding: Loosely, the distortion of a measure of the effect of an expo- 
sure on an outcome caused by the association of the exposure with other 
factors that influence the occurrence of the outcome. Confounding occurs 
when all or part of the apparent association between the exposure and 
outcome is in fact accounted for by other variables that affect the outcome 
and are not themselves affected by exposure.* 


Convulsion: See Seizure. 


Crossover experiment: A method of comparing two (or more) treatments 
or interventions in which subjects, upon completion of one treatment, are 
switched to the other treatment or intervention. In the case of two treat- 
ments, A and B, half the patients are randomly allocated to receive these 
in the order “A first, then B" and half to receive them in the order “B first, 
then A." The outcomes cannot be permanent changes (e.g., they can be 
symptoms, functional capacity).4 


Deltoid bursitis (frozen shoulder): A condition in which joint motion be- 
comes restricted because of inflammatory thickening of the capsule; a com- 
mon cause of shoulder stiffness.! 


Demyelination: Loss of myelin with preservation of the axons or fiber 
1 
tracts. 


Diphtheria: A specific infectious disease due to the bacterium Corynebac- 
terium diphtheriae and its highly potent toxin; marked by severe inflam- 
mation that can form a membranous coating, with formation of a thick 
fibrinous exudate, of the mucous membrane of the pharynx, the nose, and 
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sometimes the tracheobronchial tree; the toxin produces degeneration in 
peripheral nerves, heart muscle, and other tissues; diphtheria had a high 
fatality rate, especially in children, but is now rare because of an effective 
vaccine. ! 


Disseminated varicella: The spreading of the vesicular rash beyond the 
dermatome involved in the vaccination.° 


Embolism: Obstruction or occlusion of a vessel by an embolus.! 


Encephalitis: Irritation and swelling (inflammation) of the brain, most often 
due to infections.? 


Encephalopathy: A general term describing brain dysfunction. Examples 
include encephalitis, meningitis, seizures, and head trauma.’ 


Erythema nodosum: A panniculitis marked by the sudden formation of 
painful nodes on the extensor surfaces of the lower extremities, with le- 
sions that are self-limiting but tend to recur; associated with arthralgia and 
fever; may be the result of drug sensitivity or associated with sarcoidosis 
and various infections.! 


Febrile convulsions: A brief seizure, lasting less than 15 minutes, seen in a 
neurologically normal infant or young child, associated with fever.! 


Fibromyaligia: A chronic disorder characterized by widespread pain, ten- 
derness, and stiffness of muscles and associated connective tissue structures 
that is typically accompanied by fatigue, headache, and sleep disturbances.? 


Guillain-Barré syndrome (GBS): An acute, immune-mediated disorder of 
peripheral nerves, spinal roots, and cranial nerves, commonly presenting as 
a rapidly progressive, areflexive, relatively symmetric ascending weakness 
of the limb, truncal, respiratory, pharyngeal, and facial musculature, with 
variable sensory and autonomic dysfunction; typically reaches its nadir 
within 2-3 weeks, followed initially by a plateau period of similar duration, 
and then subsequently by gradual but complete recovery in most cases.! 


Hearing loss: À reduction in the ability to perceive sound; may range from 
slight inability to complete deafness.! 


Hepatitis: Inflammation of the liver, due usually to viral infection but some- 
times to toxic agents.! 
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Hepatitis A: A viral disease with a short incubation period (usually 15-50 
days), caused by hepatitis A virus, a member of the family Picornaviridae, 
often transmitted by fecal-oral route; may be inapparent, mild, severe, or 
occasionally fatal and occurs sporadically or in epidemics, commonly in 
school-age children and young adults; necrosis of periportal liver cells with 
lymphocytic and plasma cell infiltration is characteristic, and jaundice is a 
common symptom.! 


Hepatitis B: A viral disease with a long incubation period (usually 50-160 
days), caused by a hepatitis B virus, a DNA virus and member of the family 
Hepadnaviridae, usually transmitted by injection of infected blood or blood 
derivatives or by use of contaminated needles, lancets, or other instruments 
or by sexual transmission; clinically and pathologically similar to viral 
hepatitis type A, but there is no cross-protective immunity; HBsAg is found 
in the serum and the hepatitis delta virus occurs in some patients. May lead 
to acute or chronic liver disease.! 


Herpes zoster: An infection caused by a herpesvirus (varicella zoster virus), 
characterized by an eruption of groups of vesicles on one side of the body 
following the course of a nerve due to inflammation of ganglia and dorsal 
nerve roots resulting from activation of the virus, which in many instances 
has remained latent for years following a primary chickenpox infection; the 
condition is self-limited but may be accompanied by or followed by severe 
postherpetic pain. Also known as the shingles.! 


Human papillomavirus (HPV): An icosahedral DNA virus, 55 nm in diam- 
eter, of the genus Papillomavirus, family Papovaviridae; certain types cause 
cutaneous and genital warts; other types are associated with severe cervical 
intraepithelial neoplasia and anogenital and laryngeal carcinomas.! 


Hypercoagulable states: Characterized by abnormally increased 
coagulation.! 


Immune thrombocytopenic purpura (ITP): A systemic illness characterized 
by extensive ecchymoses and hemorrhages from mucous membranes and 
very low platelet counts; resulting from platelet destruction by macrophages 
due to an antiplatelet factor; childhood cases are usually brief and rarely 
present with intracranial hemorrhages, but adult cases are often recurrent 
and have a higher incidence of grave bleeding, especially intracranial. Also 
known as idiopathic thrombocytopenic purpura.! 


Infantile spasms: An epileptic disorder characterized by flexion spasms of 
the neck, trunk, and limbs and psychomotor retardation.’ 
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Influenza: An acute infectious respiratory disease, caused by Influenza vi- 
ruses, which are in the family Orthomyxoviridae, in which the inhaled virus 
attacks the respiratory epithelial cells of those susceptible and produces 
a catarrhal inflammation; characterized by sudden onset, chills, fever of 
short duration (3-4 days), severe prostration, headache, muscle aches, and 
a cough that usually is dry and may be followed by secondary bacterial 
infections that can last up to 10 days.! 


Insulin-dependent diabetes mellitus: Chronic (lifelong) disease that occurs 
when the pancreas does not produce enough insulin to properly control 
blood sugar levels, also known as type 1 diabetes.? 


Juvenile idiopathic arthritis: Chronic arthritis beginning in childhood, most 
cases of which are pauciarticular, i.e., affecting few joints.! 


Measles: An acute exanthematous disease, caused by measles virus (genus 
Morbillivirus), a member of the family Paramyxoviridae, and marked by 
fever and other constitutional disturbances, a catarrhal inflammation of the 
respiratory mucous membranes, and a generalized dusky red maculopapu- 
lar eruption; the eruption occurs early on the buccal mucous membrane in 
the form of Koplik spots, a manifestation useful in early diagnosis; average 
incubation period is from 10-12 days.! 


Measles inclusion body encephalitis: A rare chronic, progressive encephali- 
tis that affects primarily children and young adults, caused by the measles 
virus. Death usually occurs within 3 years.! 


Meningitis: Inflammation of the membranes of the brain or spinal cord.! 


Meningoencephalitis: An inflammation of the brain and its membranes.! 


Multiple sclerosis (MS): Common demyelinating disorder of the central ner- 
vous system, causing patches of sclerosis (plaques) in the brain and spinal 
cord; occurs primarily in young adults, and has protean clinical manifesta- 
tions, depending on the location and size of the plaque; typical symptoms 
include visual loss, diplopia, nystagmus, dysarthria, weakness, paresthesias, 
bladder abnormalities, and mood alterations; characteristically, the plaques 
are “separated in time and space” and clinically the symptoms show exac- 
erbations and remissions.! 


Mumps: Àn acute infectious and contagious disease caused by a mumps vi- 
rus of the genus Rubulavirus and characterized by fever, inflammation and 
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swelling of the parotid gland, and sometimes of other salivary glands, and 
occasionally by inflammation of the testis, ovary, pancreas, or meninges.! 


Myocardial infarction: Infarction of a segment of heart muscle, usually due 
to occlusion of a coronary artery.! 


Myocarditis: Inflammation of the muscular walls of the heart.! 


Myoclonic epilepsy: Epilepsy marked by myoclonic seizures.? 


Neisseria meningitides: A bacterial species found in the nasopharynx of 
humans but not in other animals; the causative agent of meningococcal 
meningitis and meningicoccemia; virulent organisms are strongly gram neg- 
ative and occur singly or in pairs; in the latter case the cocci are elongated 
and are arranged with long axes parallel and facing sides kidney shaped; 
groups characterized by serologically specific capsular polysaccharides are 
designated by capital letters.! 


Nested case-control study: An important type of case-control study in 
which cases and controls are drawn from the population in a fully enumer- 
ated cohort. Typically, some data on some variables are already available 
about both cases and controls; thus concerns about differential (biased) 
misclassification of these variables can be reduced (e.g., environmental or 
nutritional exposures may be analyzed in blood from cases and controls 
collected and stored years before disease onset). A set of controls is selected 
from subjects (i.e., noncases) at risk of developing the outcome of interest 
at the time of occurrence of each case that arises in the cohort.* 


Neuritis: Inflammation of a nerve.! 


Neuromyelitis optica: A demyelinating disorder consisting of a transverse 
myelopathy and optic neuritis.! 


Neuropathy: A disease involving the cranial nerves or the peripheral or 
autonomic nervous system.! 


Oculorespiratory syndrome: A usually transient syndrome of bilateral red 
eyes and upper respiratory symptoms, including cough, wheezing, chest 
discomfort, sore throat, and occasionally facial edema, following influenza 
vaccination.! 


Opsoclonus myoclonus syndrome: A rare neurological disorder character- 
ized by an unsteady, trembling gait, myoclonus (brief, shock-like muscle 
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spasms), and opsoclonus (irregular, rapid eye movements). Other symptoms 
may include difficulty speaking, poorly articulated speech, or an inability to 
speak. A decrease in muscle tone, lethargy, irritability, and malaise (a vague 
feeling of bodily discomfort) may also be present.® 


Optic neuritis: Inflammation of the optic nerve.! 


Pancreatitis: Inflammation of the pancreas.! 


Pertussis: An acute infectious inflammation of the larynx, trachea, and 
bronchi caused by Bordetella pertussis; characterized by recurrent bouts 
of spasmodic coughing that continues until the breath is exhausted, then 
ending in a noisy inspiratory stridor (the “whoop”) caused by laryngeal 
spasm.! 


Pneumonia: Inflammation of the lung parenchyma characterized by consoli- 
dation of the affected part, the alveolar air spaces being filled with exudate, 
inflammatory cells, and fibrin.! 


Polyarteritis nodosa: Segmental inflammation, with infiltration by eosino- 
phils, and necrosis of medium-sized or small arteries, more common in 
males, with varied symptoms related to involvement of arteries in the kid- 
neys, muscles, gastrointestinal tract, and heart.! 


Psoriatic arthritis: The concurrence of psoriasis and polyarthritis, resem- 
bling rheumatoid arthritis but thought to be a specific disease entity, sero- 
negative for rheumatoid factor and often involving the digits. 


Randomized controlled trial (RCT): An epidemiologic experiment in which 
subjects in a population are randomly allocated into groups, usually called 
study and control groups, to receive or not receive an experimental preven- 
tive or therapeutic procedure, maneuver, or intervention. The results are as- 
sessed by rigorous comparison of rates of disease, death, recovery, or other 
appropriate outcome in the study and control groups. RCTs are generally 
regarded as the most scientifically rigorous method of hypothesis testing 
available in epidemiology and medicine. Nonetheless, they may suffer seri- 
ous lack of generalizability, due, for example, to the nonrepresentativeness 
of patients who are ethically and practically eligible, chosen, or consent to 
participate.* 


Reactive arthritis: Sterile, usually transient polyarthropathy following vari- 
ous infectious diseases.! 
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Retrospective study: A research design used to test etiologic hypotheses 
in which inferences about exposure to the putative causal factor(s) are 
derived from data relating to characteristics of the persons under study or 
to events or experiences in their past. The essential feature is that some of 
the persons under study have the disease or other outcome or condition of 
interest, and their characteristics and past experiences are compared with 
those of unaffected persons.* 


Rheumatoid arthritis: A generalized disease, occurring more often in 
women, which primarily affects connective tissue; arthritis is the dominant 
clinical manifestation, involving many joints, especially those of the hands 
and feet, accompanied by thickening of articular soft tissue, with extension 
of synovial tissue over articular cartilages, which become eroded; the course 
is variable but often is chronic and progressive, leading to deformities and 
disability.! 


Rubella: An acute but mild exanthematous disease caused by rubella virus 
(Rubivirus family Togaviridae), with enlargement of lymph nodes, but 
usually with little fever or constitutional reaction; a high incidence of birth 
defects in children results from maternal infection during the first trimester 
of fetal life (congenital rubella syndrome).! 


Seizure: A violent spasm or series of jerkings of the face, trunk, or extremi- 
ties. Also known as convulsions.! 


Self-controlled case-series study: The method, like the case-crossover 
method, uses cases as their own controls. However, the similarity stops 
there, as the case-series method derives from cohort rather than case- 
control logic. In particular, ages at vaccination are regarded as fixed, and 
the random variable of interest is the age at adverse event, conditionally on 
its occurrence within a predetermined observation period. 


Serum sickness: An immune complex disease appearing some days (usually 
1-2 weeks) after injection of a foreign serum or serum protein, with local 
and systemic reactions such as urticaria, fever, general lymphadenopathy, 
edema, arthritis, and occasionally albuminuria or severe nephritis; origi- 
nally described in patients receiving serotherapy.! 


Shingles: See Herpes zoster. 


Small fiber neuropathy: Neuropathy of small unmyelinated axons.? 
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Stroke: Any acute clinical event, related to impairment of cerebral circula- 
tion, that lasts longer than 24 hours.! 


Sudden death: Unexpected death that is instantaneous or occurs within 
minutes or hours from any cause other than violence? 


Sudden infant death syndrome (SIDS): The sudden death of an apparently 
healthy infant that remains unexplained after all known possible causes 
have been ruled out through autopsy, death scene investigation, and review 
of the medical history.! 


Surveillance: Systematic and continuous collection, analysis, and interpreta- 
tion of data, closely integrated with the timely and coherent dissemination 
of the results and assessment to those who have the right to know so action 
can be taken. It is an essential feature of epidemiologic and public health 
practice. The final phase in the surveillance chain is the application of in- 
formation to health promotion and to disease prevention and control. A 
surveillance system includes functional capacity for data collection, analy- 
sis, and dissemination linked to public health programs.* 


Syncope: Loss of consciousness and postural tone caused by diminished 
cerebral blood flow.! 


Systemic lupus erythematosus: An inflammatory connective tissue disease 
with variable features, frequently including fever, weakness and fatigability, 
joint pains or arthritis resembling rheumatoid arthritis, diffuse erythema- 
tous skin lesions on the face, neck, or upper extremities, with liquefaction 
degeneration of the basal layer and epidermal atrophy, lymphadenopathy, 
pleurisy or pericarditis, glomerular lesions, anemia, hyperglobulinemia, and 
a positive LE cell test result, with serum antibodies to nuclear protein and 
sometimes to double-stranded DNA and other substances.! 


Tetanus: A disease marked by painful tonic muscular contractions, caused 
by the neurotropic toxin (tetanospasmin) of Clostridium tetani acting on 


the central nervous system.! 


Thrombocytopenia: A condition in which an abnormally small number of 
platelets is present in the circulating blood.! 


Thromboembolic events: An occurrence that induces thromboembolism.? 


Thromboembolism: Condition in which a blood clot forms in a vein that is 
deep inside the body; also known as deep venous thrombosis? 
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Transverse myelitis: An abrupt onset inflammatory process involving almost 
the entire thickness of the spinal cord but of limited longitudinal extent, 
generally one or a few segments; of multiple etiologies, the most common 
being viral and postviral causes, and multiple sclerosis.! 


Urticaria: An eruption of itching wheals, collquially called hives, usually 
of systemic origin; it may be due to a state of hypersensitivity to foods 
or drugs, foci of infection, physical agents (heat, cold, light, friction), or 
psychic stimuli.! 


Vaccine Adverse Event Reporting System (VAERS): A database managed by 
the Centers for Disease Control and Prevention and the Food and Drug Ad- 
ministration. VAERS provides a mechanism for the collection and analysis 
of adverse events associated with vaccines currently licensed in the United 
States. Reports to VAERS can be made by the vaccine manufacturer, recipi- 
ent, their parent/guardian, or health care provider. For more information 
on VAERS call (800) 822-7967.° 


Vaccine Safety Datalink Project (VSD): To increase knowledge about vac- 
cine adverse events, the Centers for Disease Control and Prevention has 
formed partnerships with eight large health management organizations 
to continually evaluate vaccine safety. The project contains data on more 
than 6 million people. Medical records are monitored for potential adverse 
events following immunization. The VSD project allows for planned vaccine 
safety studies as well as timely investigations of hypothesis.? 


Varicella: An acute contagious disease, usually occurring in children, caused 
by the varicella zoster virus genus, Varicellovirus, a member of the family 
Herpesviridae, and marked by a sparse eruption of papules, which become 
vesicles and then pustules, like that of smallpox although less severe and 
varying in stages, usually with mild constitutional symptoms; incubation 
period is about 14-17 days.! 


Vasculitis: Inflammation of a blood vessel (arteritis, phlebitis) or lymphatic 
vessel (lymphangitis).! 


SOURCES 


T This definition was obtained from Stedman’s Medical Dictionary. The citation for the term 
is Stedman, Thomas Lathrop. 2006. Stedman's medical dictionary. Philadelphia: Lippincott 
Williams & Wilkins. O 2006. 

"This definition was obtained by searching the term in the A.D.A.M. Medical Encyclopedia, 
a source used by the National Center for Biotechnology Information (NCBI), a division of the 
National Library of Medicine (NLM) at the National Institutes of Health (NIH). The citation 
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for the A.D.A.M. Medical Encyclopedia term is A.D.A.M. Medical Encyclopedia [Internet]. 
Atlanta (GA): A.D.A.M., Inc.; © 2010, and the specific term can be obtained on the following 
website: http://www.ncbi.nlm.nih.gov/pubmedhealth/s/diseases_and_conditions. 

?This definition was obtained by searching the term in the Merriam-Webster Medical 
Dictionary, a source used by National Institutes of Health's Medline Plus website, which is 
produced by the National Library of Medicine. The citation for the Merriam- Webster Medi- 
cal Dictionary term is Merriam-Webster Medical Dictionary [Internet]. [Springfield (MA)]: 
Merriam-Webster, Incorporated; © 2003, and the specific term can be obtained on the follow- 
ing website: http://www.nlm.nih.gov/medlineplus/mplusdictionary.html. 

^This definition was obtained from A Dictionary of Epidemiology, fifth edition, a handbook 
sponsored by the International Epidemiology Association. The citation for the term is: Porta, 
M. 2008. A Dictionary of Epidemiology, Sth ed. New York, NY: Oxford University Press. 
© 2008. 

>This definition was obtained from the Centers for Disease Control and Prevention as de- 
fined on the following webpage: http://www.vaccines.gov/more_info/glossary/index.html. 

SThis definition was obtained from Farrington, C. P. 2004. Control without separate con- 
trols: Evaluation of vaccine safety using case-only methods. Vaccine 22(15-16):2064-2070. 
Elsevier Ltd. © 2004. 

"This definition was obtained from Aminoff, M. J., and R. B. Daroff. 2003. Encyclopedia 
of tbe neurological sciences. 1st ed. 4 vols. Amsterdam: Boston. O 2003. 

*This definition was obtained from the National Institute of Neurological Disorders and 
Stroke (NINDS) by searching the following webpage for the term: http://www.ninds.nih.gov/. 
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Literature Search Strategy 


This appendix contains a detailed explanation of how the literature 
searches were performed for each vaccine and adverse event reviewed by 
the committee. The searches were performed by William Mcleod, Senior 
Research Librarian at the National Academies. 


DESCRIPTION OF THE DATABASES USED 
IN THE LITERATURE SEARCH 


All searches were run against MEDLINE (1950-present), EMBASE 
(1980-present), BIOSIS (1969-2005), and Web of Science consisting of 
Science Citation Index (1900-present) and Social Science Citation Index 
(1956-present). There were no restrictions placed on year of publication, 
language, or publication type. All result sets were deduplicated to eliminate 
occurrence of the same reference two or more times among the databases 
employed, and all results were exported to an EndNote Library. 


MEDLINE and EMBASE (in OVID SP) 


OVID command-line syntax is provided below. Terms immediately fol- 
lowed by a forward slash (/) are Medical Subject Headings (MeSH headings 
from MEDLINE) or EMTREE terms (from the EMBASE controlled vo- 
cabulary). The asterisk after some terms (*) is the OVID unlimited trunca- 
tion symbol (for example, rat*, will retrieve rat, rats, ratify, rational, etc.). 
The postqualification .ti,ab. means that a term was searched only in the 
titles and abstracts. Exp means that a term was *exploded" in the MeSH 
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or EMTREE vocabulary to also capture all narrower terms associated with 
the broader concept. 


BIOSIS (in OVID SP) and Web of Science (Science 
Citation Index and Social Science Citation Index) 


All BIOSIS search terms were submitted to the database using key- 
word or keyword-phrase searches and were not qualified or limited to a 
specific field. In OVID SP BIOSIS, when a search term is not qualified, it 
is automatically searched in the following fields: abstract; biosystematic 
code; book title; chemicals and biochemicals; concept codes; diseases; gene 
name; major concepts; miscellaneous descriptors; methods and equipment; 
organisms; parts, structure; sequence data; super taxa; titles; taxa notes; 
text words; heading words; subject headings; and meeting information. 

All Web of Science searches were submitted to the databases as topic 
searches that automatically search titles, abstracts, and author-supplied 
keywords. 


MEASLES, MUMPS, AND RUBELLA VACCINE 


Measles, Mumps, and Rubella Vaccine Searches in 
MEDLINE and EMBASE (in OVID SP) 


Measles, mumps, and rubella vaccine searches in MEDLINE and 
EMBASE started with four “base sets” with which all specific adverse 
events identified for consideration were combined: 


1. Measles mumps rubella vaccine/ 

2. (Measles vaccine/ or (vaccination/ and measles/)) 
3. (Mumps vaccine/ or (vaccination/ and mumps/)) 
4. (Rubella vaccine/ or (vaccination/ and rubella/)) 


Each set above was combined with each of the sets below. Each pair re- 
sulting from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


e° = Anaphylaxis/ or anaphylactic shock/ 

e Exp arthralgia/ or exp arthritis/ or arthropathy, neurogenic/ or exp 
arthropathy/ 

e Autistic disorder/ or autism/ or infantile autism/ 

e (Asperger syndrome/ or Rett syndrome/ or schizophrenia, child- 
hood/ or child development disorders, pervasive/ or childhood 
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disintegrative disorder/ or pervasive development disorder not 
otherwise specified/ 

Exp ataxia/ 

Brachial plexus neuritis/ 

Chronic fatigue syndrome/ or fatigue syndrome, chronic/ 

Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis 

Exp complex regional pain syndromes/ or exp complex regional 
pain syndrome/ 

Seizures/ or seizures, febrile/ or convulsion/ or exp epilepsies, myo- 
clonic/ or spasms, infantile/ or myoclonus epilepsy/ or myoclonus 
seizure/ or myoclonus/ or convulsion?.ti,ab. 

Exp encephalitis/ or exp encephalitis, viral/ 

Exp brain disease/ or encephal*.ti,ab. 

Fibromyalgia/ 

Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

Exp hearing loss/ 

Hepatitis/ 

Diabetes mellitus, type 1/ or insulin-dependent diabetes mellitus/ 
Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

Opsoclonus-myoclonus syndrome/ 

Exp syncope/ 


Measles, Mumps, and Rubella Vaccine Searches in 
BIOSIS (in OVID SP) and Web of Science (Science 
Citation Index and Social Science Citation Index) 


Measles, mumps, and rubella vaccine searches in BIOSIS and Web of 
Science started with four “base sets” with which all specific adverse events 
identified for consideration were combined: 


2. 
3. 
4. 


(((“Measles mumps rubella” or MMR) adj vaccin*) or “Triviraten 
Berna” or Priorix or Trimovax or Virivac or Pluserix) 

(Measles vaccin* or ((vaccin* or immuniz*) and measles)) 
(Mumps vaccin* or ((vaccin* or immuniz*) and mumps)) 
(Rubella vaccin* or ((vaccin* or immuniz*) and rubella)) 


Each set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 
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Anaphylaxis or anaphylactic shock or anaphylactic reaction 
Arthropath* or arthrit* or arthralgia 

(Autism or autistic or *Kanner? syndrome") 

(“Autism spectrum" or “Rett? syndrome" or “Asperger? syn- 
drome” or “child* schizophrenia" or “pervasive child* devel- 
opment* disorder?" or *pervasive development disorder?" or 
“disintegrative disorder?") 

(Ataxia? or *coordination impairment?" or dyssynergia or rubral 
tremor?) 

(“Brachial plexus neuritis” or “brachial neuritis” or “brachial 
neuralgia?” or “amyotroph* neuralgi*” or “cervicobrachial neu- 
ralgia?” or “cervico-brachial neuralgia?” or “Parsonage-Turner 
syndrome” or “Parsonage-Aldren-Turner syndrome” or “brachial 
neuritides” or “shoulder-girdle neuropath*” or “brachial plexus 
neuritides") 

(*Fatigue syndrome?" or *chronic fatigue" or *myalgic encephalo- 
myelitis" or “fatigue disorder” or “royal free disease" or *postviral 
fatigue syndrome?") 

(*Chronic remitting demyelinating disease?" or *disseminated 
neuropathy") 

(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis) 
(Complex regional pain or causalgia or reflex sympathetic 
dystrophy) 

(Epileps* or myoclon* or spasm* or convulsion? or seizure?) 
(Encephalitis or brain inflammation or encephalomyelitis) 

Brain disease? or encephal* 

(Fibromyalgia? or fibrositis or fibrositides or *myofascial pain 
syndrome") 

(Frozen shoulder or bursitis or synovitis or synovitides or bur- 
sitides or adhesive capsulitis or adhesive capsulitides or periar- 
thritis or periarthritides or shoulder impingement or subacromial 
impingement) 

(*Hearing loss" or deafness or hypoacusis or hypoacuses or *hear- 
ing impairment") 

Hepatitis 

(*Insulin-dependent diabetes" or *type-1 diabetes" or “juvenile- 
onset diabetes" or *sudden-onset diabetes" or IDDM or *brittle 
diabetes" or *autoimmune diabetes" or *ketosis-prone diabetes") 
(Meningitis or meningo* or meningeal or arachnoiditis or menin- 
gitides or pachymeningitis or pachymeningitides) 

Demyelinating or encephalomyelitis or *Guillain Barre" or myelitis 
(*Opsoclonus myoclonus syndrome" or *dancing eyes dancing feet 
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syndrome” or “opsoclonus myoclonus ataxia” or “Kinsbourne 
syndrome”) 

(Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 


VARICELLA VACCINE 


Varicella Vaccine Searches in MEDLINE and EMBASE (in OVID SP) 


Varicella vaccine searches in MEDLINE and EMBASE started with one 
“base set” with which all specific adverse events identified for consideration 
were combined: 


1. 


Exp chickenpox vaccine/ or ((vaccines/ or vaccination/) and 
chickenpox/) 


The set above was combined with each of the sets below. Each pair result- 
ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


Anaphylaxis/ or anaphylactic shock/ 

Exp arthralgia/ or exp arthritis/ or arthropathy, neurogenic/ or exp 
arthropathy/ 

Exp cerebellar ataxia/ or spinocerebellar ataxias/ or ataxia telangi- 
ectasia/ or Machado-Joseph disease/ 

Exp myocardial infarction/ or exp stroke/ or exp death, sudden/ 
Seizures/ or seizures, febrile/ or convulsion/ or exp epilepsies, myo- 
clonic/ or spasms, infantile/ or myoclonus epilepsy/ or myoclonus 
seizure/ or myoclonus/ or convulsion?.ti,ab. 

“Oka VZV”.ti,ab,sh. or “Oka varicella”.ti,ab. 

(“Varicella zoster virus”.mp. or “herpesvirus 3, human"/) and (im- 
munocompromis* or immunosuppress*) 

(Disseminat* adj2 Oka) 

Exp brain disease/ or encephal*.ti,ab. 

Exp encephalitis/ or exp encephalitis, viral/ 

Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

(Hepatitis adj3 varicella).ti,ab. [Looks for hepatitis within 3 words, 
minus stop words (articles, prepositions) of varicella in any order.] 
Exp meningitis/ 

Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

Exp pneumonia/ 
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Exp stroke/ or exp myocardial infarction/ or exp death, sudden/ 
Exp syncope/ 

Exp lupus erythematosus, systemic/ 

Exp thrombocytopenia/ or hemolytic-uremic syndrome/ or Jacob- 
sen distal 11q deletion syndrome/ or purpura, thrombocytopenic/ 
or thrombocytopenia, neonatal alloimmune/ 


Varicella Vaccine Searches in BIOSIS (in OVID SP) and Web of 


Science (Science Citation Index and Social Science Citation Index) 


Varicella vaccine searches in BIOSIS and Web of Science started with 
one “base set” with which all specific adverse events identified for consid- 
eration were combined: 


1. 


(Chickenpox vaccin* or varicella vaccin*) or ((vaccin* or immu- 
niz*) and (chicken pox or varicella)) 


The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


Anaphylaxis or anaphylactic shock or anaphylactic reaction 
Arthropathy or arthritis or arthralgia 

Cerebellar ataxia? or cerebellar incoordination? or cerebellar dys- 
metria? or hypermetria? or adiadochokinesis or adiadochokineses 
or cerebellar hemiataxia? or spinocerebellar ataxia* or spinocer- 
ebellar atrophy or ataxia telangiectasia or Machado-Joseph disease 
or Louis-Bar syndrome or Azorean disease 

(“Myocardial infarction?” or “heart attack” or stroke or “sudden 
death”) 

Convulsion? or spasm? or myoclon* or seizure? 

Oka vzv or Oka varicella 

(Disseminat* adj2 Oka) 

Brain disease? or encephal* or brain disorder? 

(Frozen shoulder or bursitis or synovitis or synovitides or bur- 
sitides or adhesive capsulitis or adhesive capsulitides or periar- 
thritis or periarthritides or shoulder impingement or subacromial 
impingement) 

Varicella adj3 hepatitis [varicella within 3 words, minus stop- 
words, of hepatitis] 

Meningitis or meningitides or pachymeningitis or pachymeningiti- 
des or meningoencephalitis or arachnoiditis 

Demyelinating or encephalomyelitis or *Guillain Barre" or myelitis 
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(Varicella zoster virus or “herpesvirus 3” or “VZ virus*” or 
“HHV-3” or “ocular herpes zoster virus” or “chickenpox vi- 
rus*” or “herpesvirus varicellae”) and (immunocompromis* or 
immunosuppres"*) 

Pneumonia or “lung inflammation" or “pulmonary inflammation" 
(Stroke or *myocardial infarction?" or *heart attack" or *sudden 
death") 

(Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 

*Systemic lupus erythematosus" or *Libman-Sacks" or *systemic 
lupus? 

Thrombocytopenia? or thrombopenia? or hemolytic-uremic 
syndrome 


INFLUENZA VACCINE 


Influenza Vaccine Searches in MEDLINE and EMBASE (in OVID SP) 


Influenza vaccine searches in MEDLINE and EMBASE started with one 
“base set” with which all specific adverse events identified for consideration 
were combined: 


1. 


Influenza vaccines/ or (vaccination/ and influenza, human/) 


The set above was combined with each of the sets below. Each pair result- 
ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


Anaphylaxis/ or anaphylactic shock/ 

Exp arthralgia/ or exp arthritis/ or arthropathy, neurogenic/ or exp 
arthropathy/ 

Asthma/ or status asthmaticus/ 

Bell palsy/ 

Brachial plexus neuritis/ 

Exp myocardial infarction/ or exp stroke/ or exp death, sudden/ 
Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis/ or neuromyelitis optica/ 

Exp complex regional pain syndromes/ or exp complex regional 
pain syndrome/ 

Seizures/ or seizures, febrile/ or convulsion/ or exp epilepsies, myo- 
clonic/ or spasms, infantile/ or myoclonus epilepsy/ or myoclonus 
seizure/ or myoclonus/ or convulsion?.ti,ab. 
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Exp encephalitis/ or exp encephalitis, viral/ 

Exp brain disease/ or encephalopath*.ti,ab. 

Fibromyalgia/ 

Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

“Oculorespiratory syndrome?”.ti,ab. 

Polyarteritis nodosa/ 

“Small fiber neuropath*”.ti,ab. 

Exp lupus erythematosus, systemic/ 

Exp syncope/ 

Exp Vasculitis/ 


Influenza Vaccine Searches in BIOSIS (in OVID SP) and Web of 


Science (Science Citation Index and Social Science Citation Index) 


Influenza vaccine searches in BIOSIS and Web of Science started with 
one “base set” with which all specific adverse events identified for consid- 
eration were combined: 


1. 


(Flu vaccine or influenza vaccine? or ((vaccin* or immuniz*) and 
(influenza or flu))) 


The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


Anaphylaxis or anaphylactic shock or anaphylactic reaction 
Arthropath* or arthrit* or arthralgia 

Asthma* 

(*Bell? palsy" or *facial paralys*" or *facial neuropath* ") 
(Brachial neuritis or brachial plexus neuritis or neuralgia or bra- 
chial plexus neuropath*) 

(*Myocardial infarction?" or *heart attack" or stroke or *sudden 
death") 

(*Chronic remitting demyelinating disease?" or *disseminated neu- 
ropathy" or *multiple sclerosis" or *neuromyelitis optica") 
(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis 
or neuromyelitis optica) 

(Complex regional pain or causalgia or reflex sympathetic 
dystrophy) 

(Epileps* or myoclon* or spasm* or convulsion? or seizure?) 
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(Encephalitis or brain inflammation or encephalomyelitis) 
Brain disease? or encephal* 

e (Fibromyalgia? or fibrositis or fibrositides or “myofascial pain 
syndrome”) 

e (Frozen shoulder or bursitis or synovitis or synovitides or bur- 
sitides or adhesive capsulitis or adhesive capsulitides or periar- 
thritis or periarthritides or shoulder impingement or subacromial 
impingement) 

° Demyelinating or encephalomyelitis or “Guillain Barre” or myelitis 
“Oculorespiratory syndrome?” 

(“Polyarteritis nodosa” or “periarteritis nodosa” or “essential 
polyarteritis” or “necrotizing arteritis”) 

“Small fiber neuropath*” 

“Systemic lupus” or “Libman-Sacks” 

e (Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 

e (Vasculitis or vasculitides or angiitis or angiitides or aortitis or 
arteritis or phlebitis or “Behcet syndrome” or “Wegener granulo- 
matosis” or thrombophlebitis or papulosis) 


HEPATITIS A VACCINE 


Hepatitis A Vaccine Searches in MEDLINE and EMBASE (in OVID SP) 


Hepatitis A vaccine searches in MEDLINE and EMBASE started with 
one “base set” with which all specific adverse events identified for consid- 
eration were combined: 


1. (Hepatitis a vaccines/ or ((vaccination/ or vaccines/) and (hepatitis 
a/ or hepatitis a virus, human/))) 


The set above was combined with each of the sets below. Each pair result- 
ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


e° =Anaphylaxis/ or anaphylactic shock/ 
Bell palsy/ 
Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis 

e Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

e Hepatitis, autoimmune/ or autoimmune hepatitis/ 
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e Exp Guillain-Barre syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 
° Exp syncope/ 


Hepatitis A Vaccine Searches in BIOSIS (in OVID SP) and Web of 
Science (Science Citation Index and Social Science Citation Index) 


Hepatitis A vaccine searches in BIOSIS and Web of Science started with 
one “base set” with which all specific adverse events identified for consid- 
eration were combined: 


1. (“Hepatitis a vaccin*" or ((vaccin* or immuniz*) and hepatitis a)) 


The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


e Anaphylaxis or anaphylactic shock or anaphylactic reaction 

(*Bell? palsy” or “facial paralys*” or “facial neuropath* ") 
(“Chronic remitting demyelinating disease?” or “disseminated 
neuropathy”) 
(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis) 
(Frozen shoulder or bursitis or synovitis or synovitides or bursitides 
or adhesive capsulitis or adhesive capsulitides or periarthritis or peri- 
arthritides or shoulder impingement or subacromial impingement) 

e Autoimmune hepatitis 

e Demyelinating or encephalomyelitis or “Guillain Barre” or myelitis 

e (Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 


HEPATITIS B VACCINE 


Hepatitis B Vaccine Searches in MEDLINE and EMBASE (in OVID SP) 


Hepatitis B vaccine searches in MEDLINE and EMBASE started with 
one “base set” with which all specific adverse events identified for consid- 
eration were combined: 


1. Hepatitis b vaccines/ or (vaccination/ and (hepatitis b virus/ or 
hepatitis b/)) /) 


The set above was combined with each of the sets below. Each pair result- 
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ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


Anaphylaxis/ or anaphylactic shock/ 

Exp arthralgia/ or exp arthritis/ or arthropathy, neurogenic/ or exp 
arthropathy/ 

Brachial plexus neuritis/ 

Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis/ or neuromyelitis optica/ 

Exp complex regional pain syndrome/ or exp complex regional 
pain syndromes/ 

Seizures/ or seizures, febrile/ or convulsion/ or exp epilepsies, myo- 
clonic/ or spasms, infantile/ or myoclonus epilepsy/ or myoclonus 
seizure/ or myoclonus/ or convulsion?.ti,ab. 

Exp encephalitis/ or exp encephalitis, viral/ 

Exp brain disease/ or encephalopath*.ti,ab. 

Erythema nodosum/ 

Fibromyalgia/ 

Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

Polyarteritis nodosa/ 

Exp lupus erythematosus, systemic/ 

Exp syncope/ 

Exp vasculitis/ 


Hepatitis B Vaccine Searches in BIOSIS (in OVID SP) and Web of 
Science (Science Citation Index and Social Science Citation Index) 


Hepatitis B vaccine searches in BIOSIS and Web of Science started with 
one *base set" with which all specific adverse events identified for consid- 
eration were combined: 


1. 


(*Hepatitis b vaccin*" or ((vaccin* or immuniz*) and hepatitis b)) 


The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


Anaphylaxis or anaphylactic shock 
(Arthrit* or arthropath* or arthralgia) 
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(Brachial neuritis or brachial plexus neuritis or neuralgia or bra- 
chial plexus neuropath*) 

(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis 
or neuromyelitis optica) 

(Complex regional pain or causalgia or reflex sympathetic 
dystrophy) 

(Epileps* or myoclon* or spasm* or convulsion? or seizure?) 
(Encephalitis or brain inflammation or encephalomyelitis) 
(Encephal* or brain disease?) 

(Erythema nodosum or erythematous) 

(Fibromyalgia? or fibrositis or fibrositides or *myofascial pain 
syndrome") 

(Frozen shoulder or bursitis or synovitis or synovitides or bur- 
sitides or adhesive capsulitis or adhesive capsulitides or periar- 
thritis or periarthritides or shoulder impingement or subacromial 
impingement) 

Guillain-Barré or myelitis or encephalomyelitis) 

Polyarteritis or periarteritis or necrotizing arteritis) 

Syncope or syncopes or syncopal or fainting or (vasovagal adj 
collapse or attack or shock or reaction))) 

Systemic lupus or Libman-Sacks disease) 

Vasculitis or angiitis or angiitides or aortitis or arteritis or Behcet 
syndrome or phlebitis or thrombophlebitis or endarteritis) 


— — — — — — 


HUMAN PAPILLOMAVIRUS VACCINE 


Human Papillomavirus (HPV) Vaccine Searches in 
MEDLINE and EMBASE (in OVID SP) 


HPV vaccine searches in MEDLINE and EMBASE started with one 


“base set” with which all specific adverse events identified for consideration 
were combined: 


1. 


Papillomavirus vaccines/ or (vaccination/ and (papillomaviridae/ or 
papillomavirus infections/)) 


The set above was combined with each of the sets below. Each pair result- 
ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


Amyotrophic lateral sclerosis/ 
Anaphylactic shock/ or anaphylaxis/ 
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Exp arthralgia/ or exp arthritis/ or arthropathy, neurogenic/ or exp 
arthropathy/ 

Brachial plexus neuritis/ 

Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis/ or neuromyelitis optica/ 

Seizures/ or seizures, febrile/ or convulsion/ or exp epilepsies, myo- 
clonic/ or spasms, infantile/ or myoclonus epilepsy/ or myoclonus 
seizure/ or myoclonus/ or convulsion?.ti,ab. 

Exp encephalitis/ or exp encephalitis, viral/ 

Exp brain disease/ or encephal*.ti,ab. 

Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

Hypercoagulab* 

Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

Exp pancreatitis/ 

Exp lupus erythematosus, systemic/ 

Exp syncope/ 

Thromboembolism/ or thromboembol* 


HPV Vaccine Searches in BIOSIS (in OVID SP) and Web of Science 


(Science Citation Index and Social Science Citation Index) 


HPV vaccine searches in BIOSIS and Web of Science started with one 
“base set” with which all specific adverse events identified for consideration 
were combined: 


1. 


(Papillomavirus vaccin* or ((vaccin* or immuniz*) and (papillo- 
maviridae or papillomavirus))) 


The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


Amyotrophic lateral sclerosis 

Anaphylaxis or anaphylactic shock or anaphylactic reaction 
(Arthrit* or arthropath* or arthralgia) 

(Brachial neuritis or brachial plexus neuritis or neuralgia or bra- 
chial plexus neuropath*) 

(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis 
or neuromyelitis optica) 

(Epileps* or myoclon* or spasm* or convulsion? or seizure?) 
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(Encephalitis or brain inflammation or encephalomyelitis) 
(Encephal* or brain disease?) 

(Frozen shoulder or bursitis or synovitis or synovitides or bursitides 
or adhesive capsulitis or adhesive capsulitides or periarthritis or peri- 
arthritides or shoulder impingement or subacromial impingement) 
Hypercoagulab* 

(Guillain-Barré or encephalomyelitis or myelitis or demyelinating) 
Pancreatitis 

(Systemic lupus or Libman-Sacks disease) 

(Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 

Thromboembol* 


DIPHTHERIA TOXOID-, TETANUS TOXOID-, AND 
ACELLULAR PERTUSSIS-CONTAINING VACCINES 


Diphtheria Toxoid (DT)-, Tetanus Toxoid (TT)-, and 
Acellular Pertussis (aP)-Containing Vaccine Searches 
in MEDLINE and EMBASE (in OVID SP) 


DT-, TT-, and aP-containing vaccine searches in MEDLINE and EM- 
BASE started with one “base set” with which all specific adverse events 
identified for consideration were combined: 


1. 


(Diphtheria-tetanus-acellular pertussis vaccines/ or diphtheria per- 
tussis tetanus vaccine/ or tetanus toxoid/ or “diphtheria-tetanus 
vaccine”/ or (“diphtheria tetanus” or “tetanus diphtheria” or 
“tetanus and diphtheria” or “diphtheria and tetanus”).ti,ab. or 
“tetanus toxoid”.mp. or DTaP.mp. or TDaP.mp. or (vaccin* adj5 
(DT or TD or TT)).mp. or “tetanus diphtheria acellular pertussis”. 
mp. or “tetanus diphtheria and acellular pertussis”.mp.) 


The set above was combined with each of the sets below. Each pair result- 
ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


Anaphylaxis/ or anaphylactic shock/ 

Exp ataxia/ 

Exp arthralgia/ or exp arthritis/ or arthropathy, neurogenic/ or exp 
arthropathy/ 

Autistic disorder/ or autism/ or infantile autism/ 

(Asperger syndrome/ or Rett syndrome/ or schizophrenia, childhood/ 
or child development disorders, pervasive/ or childhood disinte- 
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grative disorder/ or pervasive development disorder not otherwise 
specified/ 

Bell palsy/ 

Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis 

Exp urticaria/ 

Exp complex regional pain syndromes/ or exp complex regional 
pain syndrome/ 

Seizures/ or seizures, febrile/ or convulsion/ or exp epilepsies, myo- 
clonic/ or spasms, infantile/ or myoclonus epilepsy/ or myoclonus 
seizure/ or myoclonus/ or convulsion?.ti,ab. 

Exp encephalitis/ or exp encephalitis, viral/ 

Exp brain disease/ or encephal*.ti,ab. 

Fibromyalgia/ 

Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

Exp purpura, thrombocytopenic, ideiopathic/ or idiopathic throm- 
bocytopenic purpura/ 

Diabetes mellitus, type 1/ or insulin-dependent diabetes mellitus/ 
Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

Myocarditis/ 

Opsoclonus-myoclonus syndrome/ 

Exp optic neuritis/ 

Serum sickness/ 

Sudden infant death/ 

Exp syncope/ 


DT-, TT-, and aP-Containing Vaccine Searches in 
BIOSIS (in OVID SP) and Web of Science (Science 
Citation Index and Social Science Citation Index) 


DT-, TT-, and aP-containing vaccine searches in BIOSIS and Web of 
Science started with one “base set” with which all specific adverse events 
identified for consideration were combined: 


(((“Diphtheria tetanus acellular pertussis” or “tetanus diphtheria 
acellular pertussis” or “diphtheria tetanus” or “tetanus diphtheria” 
or “tetanus toxoid” or “tetanus and diphtheria” or “diphtheria and 
tetanus” or DTaP or TDAP or DT or TD or TT) adj5 (vaccin* or 
immuniz*)) or Tripedia or “Acel-Imune” or Acelimune or Infanrix) 
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The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


Anaphylaxis or anaphylactic shock or anaphylactic reaction 
Arthropath* or arthrit* or arthralgia 

(Autism or autistic or “Kanner? syndrome”) 

(“Autism spectrum” or “Rett? syndrome” or “Asperger? syn- 
drome” or “child* schizophrenia” or “pervasive child* devel- 
opment* disorder?” or “pervasive development disorder?” or 
“disintegrative disorder?") 

(Ataxia? or “coordination impairment?” or dyssynergia or rubral 
tremor?) 

(*Bell? palsy” or “facial paralys*” or “facial neuropath* ") 
(“Chronic remitting demyelinating disease?” or “disseminated 
neuropathy”) 

(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis) 
(Urticaria? or hives or angioedema) 

(Complex regional pain or causalgia or reflex sympathetic 
dystrophy) 

(Epileps* or myoclon* or spasm* or convulsion? or seizure?) 
(Encephalitis or brain inflammation or encephalomyelitis) 

Brain disease? or encephal* 

(Fibromyalgia? or fibrositis or fibrositides or “myofascial pain 
syndrome”) 

(Frozen shoulder or bursitis or synovitis or synovitides or bur- 
sitides or adhesive capsulitis or adhesive capsulitides or periar- 
thritis or periarthritides or shoulder impingement or subacromial 
impingement) 

(“Idiopathic thrombocytopenic purpura?” or “Werlhof? disease” 
or “autoimmune thrombocytopenic purpura?” or “autoimmune 
thrombocytopenia?”) 

(“Insulin-dependent diabetes” or “type-1 diabetes” or “juvenile- 
onset diabetes” or “sudden-onset diabetes” or IDDM or “brittle 
diabetes” or “autoimmune diabetes” or “ketosis-prone diabetes”) 
Demyelinating or encephalomyelitis or “Guillain Barre” or myelitis 
(Myocarditis or carditis or myocarditides) 

(“Opsoclonus myoclonus syndrome” or “dancing eyes dancing feet 
syndrome” or “opsoclonus myoclonus ataxia” or “Kinsbourne 
syndrome”) 

(“Optic neuritis” or “optic neuritides” or neuropapillitis or neuro- 
papillitides or “retrobulbar neuritis”) 

(“Serum sickness?” or “serum disease” or “plasma sensitivity”) 
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e (“Sudden infant death” or SIDS or “cot death” or “unexpected 
infant death”) 

e (Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 


MENINGOCOCCAL VACCINE 


Meningococcal Vaccine Searches in MEDLINE 
and EMBASE (in OVID SP) 


Meningococcal vaccine searches in MEDLINE and EMBASE started 
with one “base set” with which all specific adverse events identified for 
consideration were combined: 


1. (Meningococcal vaccines/ or MPSV4.mp. or menomune.mp. or 
MCV4.mp. or menactra.mp. or ((vaccination/ or vaccines/) and exp 
meningitis/)) 


The set above was combined with each of the sets below. Each pair result- 
ing from this combination was deduplicated, when the online database 
provided this utility, and then exported to an EndNote library: 


e° =Anaphylaxis/ or anaphylactic shock/ 

e Exp headache disorders/ or (chronic adj2 headache?) 

e Chronic inflammatory demyelinating polyneuropathy/ or polyra- 
diculoneuropathy, chronic inflammatory demyelinating/ or exp 
multiple sclerosis 

° Exp encephalitis/ or exp encephalitis, viral/ 

e Exp brain disease/ or encephal*.ti,ab. 

e Frozen shoulder/ or exp bursitis/ or shoulder impingement syn- 
drome/ or exp synovitis/ 

e Exp Guillain-Barré syndrome/ or myelitis, transverse/ or encepha- 
lomyelitis, acute disseminated/ 

° Exp syncope/ 


Meningococcal Vaccine Searches in BIOSIS (in OVID SP) and Web of 
Science (Science Citation Index and Social Science Citation Index) 


Meningococcal vaccine searches in BIOSIS and Web of Science started 
with one “base set” with which all specific adverse events identified for 
consideration were combined: 


1. (Mening* vaccin* or ((vaccin* or immuniz*) and meningitis)) 
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The set above was combined with each of the sets below. Each pair was 
deduplicated, when the online database provided this utility, and then ex- 
ported to an EndNote library: 


Anaphylaxis or anaphylactic shock or anaphylactic reaction 
((Chronic adj2 headache?) or headache disorder? or headache syn- 
drome? or cephalgia syndrome? or intractable headache?) 
(“Chronic remitting demyelinating disease?” or “disseminated 
neuropathy”) 

(Polyneuropath* or polyradiculoneuropath* or multiple sclerosis) 
(Encephalitis or brain inflammation or encephalomyelitis) 

Brain disease? or encephal* 

(Frozen shoulder or bursitis or synovitis or synovitides or bur- 
sitides or adhesive capsulitis or adhesive capsulitides or periar- 
thritis or periarthritides or shoulder impingement or subacromial 
impingement) 

Demyelinating or encephalomyelitis or “Guillain Barre” or myelitis 
(Syncope or syncopes or syncopal or fainting or (vasovagal adj 
(collapse or attack or shock or reaction))) 
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Guillain-Barré syndrome, 558 
immune thrombocytopenic purpura, 
584 
infantile spasms, 539 
multiple sclerosis onset in adults, 553 
multiple sclerosis relapse in adults, 555 
multiple sclerosis relapse in children, 557 
myocarditis, 580 
opsoclonus myoclonus syndrome, 561 
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Guillain-Barré syndrome, 426 
multiple sclerosis, 425 
summary of evidence and causality 
conclusions, 431t, 680-681t 
transverse myelitis, 425 


Copyright © National Academy of Sciences. All rights reserved. 


Adverse Effects of Vaccines: Evidence and Causality 


846 INDEX 


hepatitis B vaccine multiple sclerosis, 510 


acute disseminated encephalomyelitis, 
442 

anaphylaxis, 469 

brachial neuritis, 468 

chronic inflammatory disseminated 
polyneuropathy, 467 

encephalitis and encephalopathy, 438 

erythema nodosum, 471 

fibromyalgia, 490 

first demyelinating event in adults, 463 

first demyelinating event in children, 
465 
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Centers for Disease Control and Prevention, 
2, 29, 30 
Cephalic tetanus, 527-528 
Cerebellar ataxia 
definition, 637 
mechanism(s) that may contribute to 
symptoms of, 270 
varicella zoster vaccine and, 269—270, 
284t 
Chemotherapy, 73, 82, 241, 246-248, 253, 
254-255, 260, 264, 265 
Chronic fatigue syndrome 
definition, 637 
MMR vaccine and, 212—213, 221t 
Chronic inflammatory disseminated 
polyneuropathy 
definition, 637 
DTaP vaccine and, 558—560, 587 
hepatitis A vaccine and, 427, 4311 
hepatitis B vaccine and, 466-467, 4921 
human papillomavirus vaccine and, 512, 
521t 
influenza vaccine and, 334-335, 402t 
mechanism(s) that may contribute to 
symptoms of, 167, 335, 427, 
467, 512, 560, 608 
meningococcal vaccine and, 607-608, 611¢ 
MMR vaccine and, 166-167, 219t 
Chronic urticaria 
definition, 637 
DTaP vaccine and, 565—566, 587 
mechanism(s) that may contribute to 
symptoms of, 565 
Clostridium tetani 
bacteria description, 527 
Bell’s palsy and, 562 
clinical description, 527, 645 
complications, 527-528 
incidence, 528 
transmission, 527 
vaccine development and 
recommendations, 528, 530 
See also Diphtheria toxoid, tetanus 
toxoid, and acellular pertussis 
antigen-containing (DTaP) 
vaccines 
Coagulation and hypercoagulable states. 
See Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 


INDEX 


Cohort studies 
contributing to the weight of 
epidemiologic evidence, 322-323, 
328t, 374, 375, 376t, 377t, 
438-439, 535, 540, 5421, 561, 
574, 578t 
definition, 637-638 
prospective cohort studies contributing 
to the weight of epidemiologic 
evidence, 374, 376-3771, 
482-483 
retrospective cohort studies contributing 
to the weight of epidemiologic 
evidence, 111, 1147, 120, 
121-122, 125-1271, 133-134, 
135-136t, 138, 140-1412, 146, 
1511, 174-175, 177-178t, 183, 
184, 1871, 189t, 190, 1921, 
195, 1971, 201, 2032, 206, 
210t, 250—251, 262, 268, 275, 
279, 303, 307t, 323, 325-326, 
329t, 331-332t, 336-337, 339t, 
341, 358-359, 363-364t, 367, 
371-372t, 379, 3811, 390, 
457, 540-541, 543t, 555-556, 
573-574, 577t, 606-607, 618 
Compensation for adverse events 
for effects of vaccines not on Vaccine 
Injury Table, 29, 30 
legislation in support of, 1, 28, 29 
Complement activation. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 
Complement-mediated hypersensitivity. 
See Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 
Complex regional pain syndrome 
definition, 638 
injection-related, 78-80, 615-617, 625t 
See also Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 
Confounding variables, definition, 638 
Consumer education, legislation in support 
of, 1, 28-29 
Contradictory evidence, 23, 53 
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Convulsion. See Febrile seizures; Seizures 
Corynebacterium diphtheriae 
bacteria description, 525 
Bell’s palsy and, 562 
clinical description, 525-526, 638-639 
complications, 526 
encephalitis and encephalopathy and, 
526, 536 
myocarditis and, 526, 580 
transmission, 525 
vaccine development and 
recommendations, 526, 530 
See also Diphtheria toxoid, tetanus 
toxoid, and acellular pertussis 
antigen-containing (DTaP) 
vaccines 
Countermeasures Injury Compensation 
Program, 2n 
Critical periods, 84 
Crossover experiment, definition, 638 
Cytokine storm, 75-76 


D 


Defense Medical Surveillance System, 
310-311, 3121, 444, 4451, 461t 
Deltoid bursitis 
definition, 80, 638 
injection of vaccine and, 18, 217, 
618—620, 625t 
See also Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 
Demyelination, definition, 638 
Department of Health and Human Services 
National Vaccine Program Office, 29 
prior reviews of adverse events, 1-2, 
29-30 
Developmental problems, brain 
development, 85-89 
Diabetes, type 1 
definition, 641 
DTaP vaccine and, 22t, 571—579, 588t 
evidence favoring rejection of vaccine 
causality, 23 
hepatitis B vaccine and, 488-490, 4931 
mechanism(s) that may contribute to 
symptoms of, 211, 489, 571 
MMR vaccine and, 22t, 204-211, 220t 
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molecular mimicry, 71 
mumps and, 105, 211 
Diabetes mellitus, insulin-dependent. See 
Diabetes, type 1 
Diphtheria toxoid, tetanus toxoid, and 

acellular pertussis antigen- 
containing (DTaP) vaccines 

acute disseminated encephalomyelitis, 
546-547 

anaphylaxis, 563-565 

arthropathy, 567-571 

ataxia, 544-545 

autism, 545-546 

Bell’s Palsy, 561-562 

booster vaccinations, 530 

as cause of adverse events. See Causality, 
DTaP vaccine 

chronic inflammatory disseminated 
polyneuropathy, 558-560 

chronic urticaria, 565—566 

development of, 526 

effectiveness, 526, 528 

encephalitis and encephalopathy, 
534-537 

fibromyalgia, 581 

formulations and dosages, 530, 531-533¢ 

Guillain-Barré syndrome, 557-558 

immune thrombocytopenic purpura, 
582-584 

infantile spasms, 537-539 

multiple sclerosis onset in adults, 
550-553 

multiple sclerosis relapse in adults, 
554-555 

multiple sclerosis relapse in children, 
555-557 

myocarditis, 579-580 

opsoclonus myoclonus syndrome, 
560-561 

optic neuritis, 10, 36, 549-550 

prior reviews into adverse events, 1-2, 
30 

seizures, 539-544 

serum sickness, 566-567 

sudden infant death syndrome, 581-582 

transverse myelitis, 547-548 

type 1 diabetes, 23, 571-579 

summary of evidence and causality 
conclusions, 20t, 22t, 585-588t, 
683-687t 

vaccination rates, 530 
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with whole cell pertussis component, 2, 
30, 84, 529, 530 
See also Acellular pertussis vaccine; 
Pertussis vaccine, whole cell; 
Tetanus toxoid-containing 
vaccines 
Double blind controlled crossover study 
studies contributing to the weight of 
epidemiologic evidence, 182-183, 
186¢ 
Double blind randomized controlled 
crossover trial 
studies contributing to the weight of 
epidemiologic evidence, 345-346, 
347, 351-3521, 353t 
DTaP. See Diphtheria toxoid, tetanus- 
toxoid, and acellular pertussis 
antigen-containing vaccines 


E 


Egg sensitivity, 83, 170-172, 277, 342-343, 
344, 632 
Embolism, definition, 639 
Encephalitis and encephalopathy 
autism and, 85, 88-89 
as Bordetella pertussis infection 
complication, 529, 536 
as Corynebacterium diphtheriae infection 
complication, 526, 536 
definition, 639 
DTaP vaccine and, 534—537, 585t 
genetic risk, 84, 85, 88-89 
hepatitis B vaccine and, 437-438, 4917 
as influenza infection complication, 299 
influenza vaccine and, 296, 299-301, 402t 
as measles infection complication, 77, 
103, 117, 118 
mechanism(s) that may contribute to 
symptoms of, 117, 119, 266, 
267, 299, 300, 537, 603 
meningococcal vaccine and, 602-603, 
6117 
MMR vaccine and, 111-119, 2187 
as mumps infection complication, 105, 
117, 118 
as rubella infection complication, 77, 
106-107, 117 
varicella vaccine and, 262-263, 265-266, 
267-268, 283t 


INDEX 


as varicella zoster virus complication, 266 
See also Measles inclusion body 
encephalitis 
Encephalomyelitis, acute disseminated. 
See Acute disseminated 
encephalomyelitis 
Epidemiologic evidence 
categorization of causality based on, 10, 
12, 14-18, 23-24, 42-45, 48-53 
DTaP vaccine 
acute disseminated encephalomyelitis, 
546 
anaphylaxis, 563 
arthropathy, 567—578, 569-570t 
ataxia, 544-545 
autism, 545 
Bell’s Palsy, 561-562 
chronic inflammatory disseminated 
polyneuropathy, 558 
chronic urticaria, 565 
encephalitis and encephalopathy, 
534-535 
fibromyalgia, 581 
Guillain-Barré syndrome, 557 
immune thrombocytopenic purpura, 
582-583 
infantile spasms, 537-538 
multiple sclerosis onset in adults, 
550-553 
multiple sclerosis relapse in adults, 554 
multiple sclerosis relapse in children, 
555-556 
myocarditis, 579 
opsoclonus myoclonus syndrome, 560 
optic neuritis, 549 
seizures, 539-541, 542-543t 
serum sickness, 566 
sudden infant death syndrome, 
581-582 
summary of evidence and causality 
conclusions, 22t, 585-588, 
683-687t 
transverse myelitis, 547-548 
type 1 diabetes, 571—579 
for evaluation of causality, 39-40 
hepatitis A vaccine 
acute disseminated encephalomyelitis, 
423 
anaphylaxis, 428 
autoimmune hepatitis, 429 
Bell's palsy, 427 
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chronic inflammatory disseminated human papillomavirus vaccine 


polyneuropathy, 427 
Guillain-Barré syndrome, 426 
multiple sclerosis, 425 
summary of evidence and causality 

conclusions, 431t, 680-681t 
transverse myelitis, 424 


hepatitis B vaccine 


acute disseminated encephalomyelitis, 
440 

anaphylaxis, 468 

brachial neuritis, 467 

chronic inflammatory disseminated 
polyneuropathy, 466-467 

encephalitis and encephalopathy, 437 

erythema nodosum, 469 

fibromyalgia, 490 

first demyelinating event in adults, 
458-460, 461-462t 

first demyelinating event in children, 
464-465 

Guillain-Barré syndrome, 465—466 

juvenile idiopathic arthritis, onset or 
exacerbation, 485-486 

multiple sclerosis, onset in adults, 
447-450, 451-453t 

multiple sclerosis, onset in children, 
454 

multiple sclerosis, relapse in adults, 
455-456 

multiple sclerosis, relapse in children, 
457 

neuromyelitis optica, 446 

optic neuritis, 443-444, 4457 

polyarteritis nodosa, onset or 
exacerbation, 477 

psoriatic arthritis, onset or 
exacerbation, 479—480 

reactive arthritis, onset or 
exacerbation, 480 

rheumatoid arthritis, onset or 
exacerbation, 482-483 

seizures, 438-439 

summary of evidence and causality 
conclusions, 207, 491—493t, 
681-683t 

systemic lupus erythematosus onset or 
exacerbation, 471-472 

transverse myelitis, 442 

type 1 diabetes, 488-489 

vasculitis, onset or exacerbation, 473 


acute disseminated encephalomyelitis, 
507 

amyotrophic lateral sclerosis, 513 

anaphylaxis, 515 

brachial neuritis, 512—513 

chronic inflammatory disseminated 
polyneuropathy, 512 

Guillain-Barré syndrome, 511 

hypercoagulable states, 520 

multiple sclerosis, 510 

neuromyelitis optica, 509 

pancreatitis, 517-518 

summary of evidence and causality 
conclusions, 217, 521t, 683t 

thromboembolic events, 519 

transient arthralgia, 516-517 

transverse myelitis, 508 


influenza vaccine 


acute disseminated encephalomyelitis, 
308 

all-cause mortality, 390 

anaphylaxis, 341-342 

arthropathy, onset or exacerbation, 
384 

asthma exacerbation or reactive airway 
disease episodes in children and 
adults, inactivated influenza 
vaccine, 345-350, 351-355t 

asthma exacerbation or reactive airway 
disease episodes in children 
younger than 5 years of age, live 
attenuated influenza vaccine, 
356-361, 362-365t 

asthma exacerbation or reactive airway 
disease episodes in persons 
5 years of age or older, live 
attenuated influenza vaccine, 
366-369, 370-372t 

Bell’s palsy, 335-337, 338-339t 

brachial neuritis, 340 

chronic inflammatory disseminated 
polyneuropathy, 334 

encephalitis and encephalopathy, 296 

fibromyalgia, 389 

Guillain-Barré syndrome, 321-327, 
328-332t 

multiple sclerosis, onset in adults, 
314-316, 317t 

multiple sclerosis, relapse in adults, 
318-319, 320t 
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myocardial infarction, 387-388 

neuromyelitis optica, 314 

oculorespiratory syndrome, 391-398 

optic neuritis, 310-311, 3127 

polyarteritis nodosa, 383 

seizures, 301-304, 305-307t 

small fiber neuropathy, 340-341 

stroke, 386 

summary of evidence and causality 
conclusions, 20-22t, 402-4041, 
678-680t 

systemic lupus erythematosus, onset or 
exacerbation, 373-375, 376-377t 

transverse myelitis, 309 

vasculitis, onset or exacerbation, 
379-380, 381: 


injection-related outcomes 


complex regional pain syndrome, 615 

deltoid bursitis, 618 

summary of evidence and causality 
conclusions, 217, 625t, 687-688t 

syncope, 620 


limitations of current data, 630 
meningococcal vaccine 


acute disseminated encephalomyelitis, 
603-604 

anaphylaxis, 608-609 

chronic headache, 610 

chronic inflammatory disseminated 
polyneuropathy, 607-608 

encephalitis and encephalopathy, 
602-603 

Guillain-Barré syndrome, 606-607 

multiple sclerosis, 605 

summary of evidence and causality 
conclusions, 207, 6117, 687t 

transverse myelitis, 604 


MMR vaccine 


acute disseminated encephalomyelitis, 
153 

afebrile seizures, 133-134, 135-1361 

anaphylaxis, 169 

arthropathy in men, 201-202, 203t 

ataxia, 143 

autism, 145-148, 149—152t 

brachial neuritis, 168 

chronic arthralgia in women, 190-191, 
192t 

chronic arthritis in women, 195-196, 
197t 

chronic arthropathy in children, 199 


INDEX 


chronic fatigue syndrome, 212-213 

chronic inflammatory disseminated 
polyneuropathy, 166-167 

encephalitis and encephalopathy, 
111-113, 114-1157 

febrile seizures, 119-124, 125-130t 

fibromyalgia, 213 

Guillain-Barré syndrome, 165 

hearing loss, 214 

hepatitis, 211 

measles inclusion body encephalitis, 
108 

meningitis, 137-139, 140-141¢ 

multiple sclerosis, onset in adults, 
159-161, 162-1631 

multiple sclerosis, onset in children, 
164 

neuromyelitis optica, 158 

opsoclonus myoclonus syndrome, 167 

optic neuritis, 156 

summary of evidence and causality 
conclusions, 20-22t, 218-2211, 
674-677t 

transient arthralgia in children, 
182-185, 186-1891 

transient arthralgia in women, 
174-176, 177-179t 

transverse myelitis, 154 

type 1 diabetes, 204-207, 208-210t 


varicella zoster vaccine 


acute disseminated encephalomyelitis, 
271 

anaphylaxis, 275 

arthropathy, onset or exacerbation, 
278 

cerebellar ataxia, 269-270 

disseminated Oka VZV with 
subsequent infection resulting 
in pneumonia, meningitis, or 
hepatitis, 250-251 

disseminated Oka VZV without other 
organ involvement, 243 

encephalopathy, 267 

Guillain-Barré syndrome, 273 

seizures, 268 

small fiber neuropathy, 274 

stroke, 279-280 

summary of evidence and causality 
conclusions, 197, 20t, 283-2841, 
677-678t 

thrombocytopenia, 281 
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transverse myelitis, 272 
vaccine strain viral reactivation with 
subsequent infection resulting 
in meningitis or encephalitis, 
262-263 
vaccine strain viral reactivation 
without other organ involvement, 
256-257 
weight-of-evidence evaluations, 10, 12, 
42-45 
Epilepsy, myoclonic, definition, 642 
Epitope spreading. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 
Erythema nodosum 
definition, 639 
hepatitis B vaccine and, 10, 36, 469-471, 
492t 
mechanism(s) that may contribute to 
symptoms of, 470 


F 


Febrile seizures 
clinical significance, 630 
definition, 639 
influenza infection, 294 
mechanism(s) that may contribute to 
symptoms of, 132 
MMR vaccine and, 18, 207, 119-132, 
2182, 630 
tissue responses, 68-70 
Fibromyalgia 
DTaP vaccine and, 581, 588z 
hepatitis B vaccine and, 490, 493t 
influenza vaccine and, 389, 4041 
MMR vaccine and, 213-214, 221t 
First demyelinating event 
hepatitis B vaccine and, in adults, 
458-460, 461-4621, 4911 
hepatitis B vaccine and, in children, 
464-465, 4921 
mechanism(s) that may contribute to 
symptoms of, 463, 465 
Food and Drug Administration, 29 
Food hypersensitivity reactions, 65, 
171-173 
See also Egg sensitivity; Gelatin 
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G 


Gelatin, 83, 171-173, 276-277, 342-344, 
632 
Gender differences 
as susceptibility factor, 84 
General Practice Research Database, 147, 
1512, 315, 317t, 323-325, 
329-3308, 336, 3381, 344, 346, 
352t, 386, 387-388, 448-449, 
452t, 551, 5521 
Genetic risk factors 
autism, 87-88 
febrile seizures, 69—70 
neuronal development, 85, 86 
susceptibility to adverse events, 24, 
83-84 
German measles. See Rubivirus (rubella 
infection) 
Guillain-Barré syndrome 
acute motor axonal neuropathy in, 71-72 
definition, 639 
DTaP vaccine and, 557—558, 587t 
evaluation of adverse event data, 47 
hepatitis A vaccine and, 426, 4311 
hepatitis B vaccine and, 465-466, 4921 
human papillomavirus vaccine and, 
511-512, 521t 
influenza vaccine and, 321-334, 4021 
mechanism(s) that may contribute to 
symptoms of, 166, 274, 334, 
426, 466, 511, 558, 607 
meningococcal vaccine and, 606-607, 
6117 
MMR vaccine and, 165-166, 219t 
swine influenza vaccine and, 3217 
varicella zoster vaccine and, 273-274, 284t 





H 


H1N1 vaccine, 2n, 30 
H5N1 vaccine, 294 
Haemophilus influenzae type B vaccine, 2, 
30 
Health Resources and Services 
Administration, 2, 29, 30, 36 
Hearing loss 
definition, 639 
mechanism(s) that may contribute to 
symptoms of, 217 
MMR vaccine and, 214—217, 221t 
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Hepatitis B vaccine 
acute disseminated encephalomyelitis, 


Hemagglutinin surface proteins, 294 
Hepatitis, as an adverse event of vaccination 


definition, 639 

mechanism(s) that may contribute to 
symptoms of, 212, 256 

MMR vaccine and, 211—212, 221t 

varicella vaccine and, 251, 254-256, 283t 


Hepatitis A infection 


acute disseminated encephalomyelitis 
and, 423 

autoimmune hepatitis and, 421-422, 430 

clinical description, 421-422, 640 

complications, 421-422 

Guillain-Barré syndrome and, 426 

transmission, 422 

transverse myelitis and, 424 

vaccine development, 422 

virus description, 421 


Hepatitis A vaccine 


acute disseminated encephalomyelitis, 
423-424 

anaphylaxis, 428-429 

autoimmune hepatitis, 429-430 

Bell’s palsy, 427-428 

as cause of adverse events. See Causality, 
hepatitis A vaccine 

chronic inflammatory disseminated 
polyneuropathy, 427 

development, 422 

formulations, 422-423 

Guillain-Barré syndrome, 426 

multiple sclerosis, 425 

summary of evidence and causality 
conclusions, 431t, 680-681t 

transverse myelitis, 424-425 


Hepatitis B infection 


clinical description, 435-436, 640 

complications, 435-436 

onset or exacerbation of juvenile 
idiopathic arthritis and, 435, 487 

onset or exacerbation of polyarteritis 
nodosa and, 435, 478-479 

onset or exacerbation of rheumatoid 
arthritis and, 435, 484 

onset or exacerbation of vasculitis and, 
435, 476 

transmission, 435 

vaccine development and 
recommendations, 436-437 

virus description, 435 


440-442 

anaphylactic reactions, 18 

anaphylaxis, 468—469 

brachial neuritis, 467—468 

as cause of adverse events. See Causality, 
hepatitis B vaccine 

chronic inflammatory disseminated 
polyneuropathy, 466-467 

cytokine imbalance and, 76 

development, 436 

encephalitis and encephalopathy, 
437-438 

erythema nodosum, 10, 36, 469-471 

fibromyalgia, 490 

first demyelinating event in adults, 
458-464 

first demyelinating event in children, 
464-465 

formulations, 436-437 

Guillain-Barré syndrome, 465-466 

immune complex-mediated effects, 68 

injection-related adverse events, 616 

juvenile idiopathic arthritis, onset or 
exacerbation, 485—488 

multiple sclerosis onset in adults, 
447-450, 451-453t 

multiple sclerosis onset in children, 
454-455 

multiple sclerosis relapse in adults, 
455-456 

multiple sclerosis relapse in children, 
457-458 

neuromyelitis optica, 446-447 

optic neuritis, 10, 36, 443-446 

polyarteritis nodosa, onset or 
exacerbation, 477-479 

prior reviews into adverse events, 2, 30 

psoriatic arthritis, onset or exacerbation, 
479-480 

reactive arthritis, onset or exacerbation, 
480-482 

rheumatoid arthritis, onset or 
exacerbation, 482-485 

seizures, 438-440 

summary of causality studies and 
conclusions, 207, 491—493t, 
681-683t 

systemic lupus erythematosus onset or 
exacerbation, 471-473 
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transverse myelitis, 442-443 
type 1 diabetes, 488-490 
vasculitis, onset or exacerbation, 
473-477 
Herd immunity, 28 
Herpes zoster 
cause, 240 
definition, 640 
mechanism(s) that may contribute to 
symptoms of, 261 
rate, 631 
varicella vaccine and, 256-267, 283t 
Human papillomavirus infection 
clinical description, 506, 640 
complications, 506 
nomenclature, 505 
transmission, 505 
vaccine development and 
recommendations, 506—507 
virus description, 505, 640 
Human papillomavirus vaccine 
acute disseminated encephalomyelitis, 
507-508 
amyotrophic lateral sclerosis, 513-515 
anaphylaxis, 18, 515-516 
brachial neuritis, 512-513 
as cause of adverse events. See Causality, 
human papillomavirus vaccine 
chronic inflammatory disseminated 
polyneuropathy, 512 
current formulations, 506 
cytokine imbalance and, 76 
development, 506 
Guillain-Barré syndrome, 511-512 
hypercoagulable states, 520 
multiple sclerosis, 510 
neuromyelitis optica, 509 
pancreatitis, 517-518 
prevalence of use, 507 
recommendations for, 506-507 
summary of evidence and causality 
conclusions, 217, 521t, 683t 
thromboembolic events, 519-520 
transient arthralgia, 516-517 
transverse myelitis, 508 
Hypercoagulable states 
definition, 640 
human papillomavirus vaccine and, 520, 
521t 
mechanism(s) that may contribute to 
symptoms of, 520 
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Hyperresponsiveness. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 

Hypersensitivity reactions. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 


I 


Immune complexes. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 

Immune thrombocytopenic purpura 

definition, 640 

DTaP vaccine and, 582-584, 5881 

mechanism(s) that may contribute to 
symptoms of, 583 

Immunocompromised individuals 

complications of varicella zoster 
infection, 240 

influenza vaccine recommendations in, 
296 

measles inclusion body encephalitis and 
MMR vaccine, 109-110 

meningococcal disease, 600 

treatment of varicella zoster infection in, 
241 

varicella vaccine and, 241-242, 244-249, 
252-256, 258-262, 264-265, 
630-631 

Immunoglobulin E hypersensitivity. 

See Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 

Increased cytokines. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 

Increased susceptibility. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 
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Infant mortality, historical evolution, 27 
Infantile spasms 
definition, 640 
DTaP vaccine and, 537-539, 585t 
Influenza infection 
acute disseminated encephalomyelitis, 
308 
all-cause mortality, 391 
asthma exacerbation and, 295, 356, 366, 
369 
clinical description, 294-295, 641 
complications, 294-295 
encephalitis and, 299 
Guillain-Barré syndrome, 333 
mutagenesis, 293 
myocardial infarction, 388 
nomenclature, 293-294 
onset or exacerbation of arthropathy and, 
385 
transmission, 294 
transverse myelitis and, 309 
vaccine development and 
recommendations, 295-296 
virus description, 293-294 
Influenza vaccine 
acute disseminated encephalomyelitis, 
308-309 
all-cause mortality, 390-391 
anaphylaxis, 18, 341-345 
arthropathy, onset or exacerbation, 
384-385 
asthma exacerbation or reactive airway 
disease episodes in children and 
adults, inactivated influenza 
vaccine, 23, 345-356 
asthma exacerbation or reactive airway 
disease episodes in children 
younger than 5 years of age, live 
attenuated influenza vaccine, 
356-366 
asthma exacerbation or reactive airway 
disease episodes in persons 
5 years of age or older, live 
attenuated influenza vaccine, 
366-373 
Bell's palsy, 23, 335-337, 338-339t 
brachial neuritis, 340 
Campylobacter jejuni contamination, 333 
as cause of adverse events. See Causality, 
influenza vaccine 


INDEX 


chronic inflammatory disseminated 
polyneuropathy, 334-335 

development of, 295 

encephalitis and encephalopathy, 296, 
299-301 

fibromyalgia, 389 

formulations, 295 

Guillain-Barré syndrome, 321-334 

H1N1, 2n 

multiple sclerosis onset in adults, 
314-318 

multiple sclerosis relapse in adults, 
318-321 

myocardial infarction, 387-389 

neuromyelitis optica, 314 

oculorespiratory syndrome, 18, 391-401, 
632 

optic neuritis, 18, 36, 310-313 

polyarteritis nodosa, 383-384 

recommendations for administration, 
295-296 

seizures, 2, 36, 301—304, 305-307t 

small fiber neuropathy, 340-341 

stroke, 386-387 

summary of evidence and causality 
conclusions, 20-221, 402-4041, 
678-680t 

systemic lupus erythematosus onset or 
exacerbation, 373-379 

transverse myelitis, 309-310 

trivalent, definition, 295-296 

vaccination rates, 296 

vasculitis, onset or exacerbation, 
379-383 

Injection of vaccine, 

as cause of adverse event, evidence 
convincingly supporting, 18 

as cause of adverse events. See Causality, 
injection-related adverse events 

complex regional pain syndrome, 78-80, 
615-617 

deltoid bursitis, 80, 618-620, 632 

summary of evidence and causality 
conclusions, 217, 625t, 
687-688t 

syncope, 80-81, 620—624, 632 

Institute of Medicine, 1-2, 29-30, 39 
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Latency between antigen exposure and 
peak adaptive immune response. 
See Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 
Lockjaw, 527 


M 


Manufacturers of vaccine, legislative relief 
from tort liablity, 1, 28 
Measles, mumps, and rubella (MMR) 

vaccine 

acute disseminated encephalomyelitis, 
153-154 

afebrile seizures, 133-137 

anaphylaxis, 18, 169-174, 631-632 

arthropathy in men, 201-204 

ataxia, 143-144 

autism, 23, 88, 145-153 

brachial neuritis, 168-169 

causality conclusions. See Causality, 
MMR vaccine 

chronic arthralgia in women, 190-195 

chronic arthritis in women, 195-199 

chronic arthropathy in children, 199-200 

chronic fatigue syndrome, 212-213 

chronic inflammatory disseminated 
polyneuropathy, 166-167 

cytokine imbalance and, 76 

encephalitis and encephalopathy, 
111-119 

febrile seizures, 18, 119-132, 630 

fibromyalgia, 213-214 

formulation, 107-108 

Guillain-Barré syndrome, 165-166 

hearing loss, 214-217 

hepatitis, 211-212 

measles inclusion body encephalitis, 18, 
108-110 

measles virus strain, 104 

meningitis, 10, 36, 137-143 

multiple sclerosis onset in adults, 
159-164 

multiple sclerosis onset in children, 
164-165 

mumps virus strain, 106 

neuromyelitis optica, 10, 36, 158-159 
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opsoclonus myoclonus syndrome, 
167-168 

optic neuritis, 2-10, 36, 156-158 

prior reviews into adverse events, 1-2, 30 

rubella virus strain, 107 

summary of evidence and causality 
conclusions, 20-22, 218-2211, 
674—677t 

transient arthralgia in children, 18, 
182-190 

transient arthralgia in women, 174-181 

transverse myelitis, 154—156 

type 1 diabetes, 23, 204-211 


Measles, mumps, rubella, and varicella 


vaccine, 108, 242 


Measles inclusion body encephalitis 


definition, 641 

mechanism(s) that may contribute to 
symptoms of, 110 

MMR vaccine and, 18, 207, 108-110, 
218t 


Measles infection 


acute disseminated encephalomyelitis, 154 

ataxia and, 144 

clinical description, 103, 641 

complications, 103 

encephalitis and, 103, 117 

encephalopathy and, 118 

febrile seizures and, 132 

Guillain-Barré syndrome and, 166 

hearing loss and, 216 

hepatitis and, 104, 212 

measles inclusion body encephalitis and, 
110 

optic neuritis and, 157 

transmission, 103 

transverse myelitis and, 155 

vaccine development and 
recommendations, 104, 108 

virus description, 103 

See also Measles, mumps, and rubella 
(MMR) vaccine 


Mechanistic evidence 


categorization of causality based on, 
12-14, 45-48 
DTaP vaccine 
acute disseminated encephalomyelitis, 
546-547 
anaphylaxis, 563-565 
arthropathy, 571 
ataxia, 545 
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Bell’s Palsy, 562 

chronic inflammatory disseminated 
polyneuropathy, 559-560 

chronic urticaria, 565—566 

encephalitis and encephalopathy, 
536-537 

fibromyalgia, 581 

Guillain-Barré syndrome, 557-558 

immune thrombocytopenic purpura, 
583 

infantile spasms, 538 

multiple sclerosis onset in adults, 553 

multiple sclerosis relapse in adults, 
554-555 

multiple sclerosis relapse in children, 
556-557 

myocarditis, 580 

opsoclonus myoclonus syndrome, 561 

optic neuritis, 549-550 

seizures, 541, 544 

serum sickness, 566—567 

sudden infant death syndrome, 582 

summary of evidence and causality 
conclusions, 22t, 585—588t, 
683-687t 

transverse myelitis, 548 

type 1 diabetes, 579 


hepatitis A vaccine 


acute disseminated encephalomyelitis, 
423-424 

anaphylaxis, 428-429 

autoimmune hepatitis, 429-430 

Bell's palsy, 428 

chronic inflammatory disseminated 
polyneuropathy, 427 

Guillain-Barré syndrome, 426 

multiple sclerosis, 425 

summary of evidence and causality 
conclusions, 431t, 680-6817 

transverse myelitis, 424 


hepatitis B vaccine 


acute disseminated encephalomyelitis, 
440-441 

anaphylaxis, 468-469 

brachial neuritis, 467-468 

chronic inflammatory disseminated 
polyneuropathy, 467 

encephalitis and encephalopathy, 438 

erythema nodosum, 470 

fibromyalgia, 490 
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first demyelinating event in adults, 
460, 463 

first demyelinating event in children, 
465 

Guillain-Barré syndrome, 466 

juvenile idiopathic arthritis, onset or 
exacerbation, 486—488 

multiple sclerosis onset in adults, 450 

multiple sclerosis onset in children, 
455 

multiple sclerosis relapse in adults, 456 

multiple sclerosis relapse in children, 
457-458 

neuromyelitis optica, 446-447 

optic neuritis, 444, 446 

polyarteritis nodosa, onset or 
exacerbation, 477-479 

psoriatic arthritis, onset or 
exacerbation, 480 

reactive arthritis, onset or 
exacerbation, 480—482 

rheumatoid arthritis, onset or 
exacerbation, 483-485 

seizures, 439 

summary of evidence and causality 
conclusions, 207, 491—493t, 
681-683t 

systemic lupus erythematosus, 
472-473 

transverse myelitis, 442-443 

type 1 diabetes, 489 

vasculitis, onset or exacerbation, 
473-476 


human papillomavirus vaccine 


acute disseminated encephalomyelitis, 
507 

amyotrophic lateral sclerosis, 514 

anaphylaxis, 515-516 

brachial neuritis, 513 

chronic inflammatory disseminated 
polyneuropathy, 512 

Guillain-Barré syndrome, 511 

hypercoagulable states, 520 

multiple sclerosis, 510 

neuromyelitis optica, 509 

pancreatitis, 518 

summary of evidence and causality 
conclusions, 217, 5211, 683t 

thromboembolic events, 519 

transient arthralgia, 517 

transverse myelitis, 508 
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influenza vaccine 


acute disseminated encephalomyelitis, 
308 

all-cause mortality, 390-391 

anaphylaxis, 342-344 

arthropathy, onset or exacerbation, 
384-385 

asthma exacerbation or reactive airway 
disease episodes in children and 
adults, inactivated influenza 
vaccine, 350, 356 

asthma exacerbation or reactive airway 
disease episodes in children 
younger than 5 years of age, live 
attenuated influenza vaccine, 361, 
366 

asthma exacerbation or reactive airway 
disease episodes in persons 
5 years of age or older, live 
attenuated influenza vaccine, 369, 
373 

Bell's palsy, 337 

brachial neuritis, 340 

chronic inflammatory disseminated 
polyneuropathy, 334-335 

encephalitis and encephalopathy, 
299-300 

fibromyalgia, 389 

Guillain-Barré syndrome, 327, 
333-334 

multiple sclerosis onset in adults, 316 

multiple sclerosis relapse in adults, 
319, 321 

myocardial infarction, 388 

neuromyelitis optica, 314 

oculorespiratory syndrome, 399-401 

optic neuritis, 311, 313 

polyarteritis nodosa, 383-384 

seizures, 304 

small fiber neuropathy, 341 

stroke, 386-387 

summary of evidence and causality 
conclusions, 20-221, 401-4041, 
678-680t 

systemic lupus erythematosus, onset or 
exacerbation, 375, 378-379 

transverse myelitis, 309 

vasculitis, onset or exacerbation, 380, 


382-383 


injection-related outcomes 
complex regional pain syndrome, 
615-617 
deltoid bursitis, 618-620 
summary of evidence and causality 
conclusions, 217, 6251, 687-68 8t 
syncope, 620-624 
meningococcal vaccine 
acute disseminated encephalomyelitis, 
604 
anaphylaxis, 609 
chronic headache, 610 
chronic inflammatory disseminated 
polyneuropathy, 608 
encephalitis and encephalopathy, 603 
Guillain-Barré syndrome, 607 
multiple sclerosis, 605-606 
summary of evidence and causality 
conclusions, 207, 6117, 687t 
transverse myelitis, 605 
MMR vaccine 
acute disseminated encephalomyelitis, 
153-154 
afebrile seizures, 134, 137 
anaphylaxis, 169-174 
arthropathy in men, 202 
ataxia, 143-144 
autism, 148, 153 
brachial neuritis, 168-169 
chronic arthralgia in women, 191, 
193-194 
chronic arthritis in women, 196, 198 
chronic arthropathy in children, 
199-200 
chronic fatigue syndrome, 213 
chronic inflammatory disseminated 
polyneuropathy, 167 
encephalitis and encephalopathy, 
116-119 
febrile seizures, 124, 131-132 
fibromyalgia, 213 
Guillain-Barré syndrome, 165-166 
hearing loss, 214—217 
hepatitis, 212 
measles inclusion body encephalitis, 
109-110 
meningitis, 139, 142-143 
multiple sclerosis onset in adults, 161 
multiple sclerosis onset in children, 
165 
neuromyelitis optica, 158-159 
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opsoclonus myoclonus syndrome, 
167-168 
optic neuritis, 156-157 
summary of evidence and causality 
conclusions, 20-22t, 218-2211, 
674—677t 
transient arthralgia in children, 185, 
190 
transient arthralgia in women, 176, 
180-181 
transverse myelitis, 154-156 
type 1 diabetes, 207, 211 
varicella zoster vaccine 
acute disseminated encephalomyelitis, 
271 
anaphylaxis, 276-278 
arthropathy, onset or exacerbation, 
278-279 
cerebellar ataxia, 270 
disseminated Oka VZV with 
subsequent infection resulting 
in pneumonia, meningitis, or 
hepatitis, 251-256 
disseminated Oka VZV without other 
organ involvement, 243-249 
encephalopathy, 267 
Guillain-Barré syndrome, 273-274 
seizures, 269 
small fiber neuropathy, 274-275 
stroke, 280 
summary of evidence and causality 
conclusions, 19—20t, 283-2841, 
677-678t 
thrombocytopenia, 281-282 
transverse myelitis, 272-273 
vaccine strain viral reactivation with 
subsequent infection resulting 
in meningitis or encephalitis, 
263-266 
vaccine strain viral reactivation 
without other organ involvement, 
257-261 
weight-of-evidence evaluations, 12-14, 
45-48 
Meningitis 
definition, 641 
mechanism(s) that may contribute to 
symptoms of, 143, 256, 266 
MMR vaccine and, 10, 36, 137-143, 218t 
varicella vaccine and, 197, 251, 253, 
255-256, 262, 263-267, 283t 
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Meningococcal disease, 599-600 
as cause of adverse events. See Causality, 
meningococcal vaccine 
See Neisseria meningitides 
Meningococcal vaccine 
acute disseminated encephalomyelitis, 
603-604 
anaphylactic reactions, 18 
anaphylaxis, 608-610 
chronic headache, 610 
chronic inflammatory disseminated 
polyneuropathy, 607-608 
development, 600-601 
encephalitis and encephalopathy, 
602-603 
formulations, 601 
Guillain-Barré syndrome, 606-607 
multiple sclerosis, 605-606 
summary of evidence and causality 
conclusions, 207, 6117, 687t 
transverse myelitis, 604-605 
vaccination rate, 601-602 
Meningococcemia, 599 
Meningoencephalitis 
definition, 641 
influenza vaccine and, 299 
MMR. See Measles, mumps, and rubella 
vaccine 
Molecular mimicry. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 
Mortality 
infant, 27 
influenza vaccine and all-cause mortality, 
390-391 
Multiple sclerosis 
definition, 641 
DTaP vaccine and, 550-557, 586—587t 
hepatitis A vaccine and, 425, 4311 
hepatitis B vaccine and, 447-458, 4917 
human papillomavirus vaccine and, 510, 
521t 
influenza vaccine and, 314-321, 402 
mechanism(s) that may contribute to 
symptoms of, 161, 165, 316, 
321, 425, 450, 455, 456, 458, 
510, 553, 555, 556, 606 
meningococcal vaccine and, 605-606, 
611: 
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MMR vaccine and, 159-165, 219t 
molecular mimicry, 71 
onset in adults 
DTaP vaccine, 550-553, 5861 
hepatitis B vaccine and, 447-450, 
451-4531, 491t 
influenza vaccine and, 314-318, 4027 
MMR vaccine and, 159-164, 2197 
onset in children 
hepatitis B vaccine and, 454-455, 4911 
MMR vaccine and, 164-165, 2197 
relapse in adults 
DTaP vaccine, 554-555, 586t 
hepatitis B vaccine and, 455-456, 
491t 
influenza vaccine and, 318-321, 4027 
relapse in children 
DTaP vaccine, 555-557, 587t 
hepatitis B vaccine and, 457-458, 4911 
Mumps infection 
acute disseminated encephalomyelitis, 154 
ataxia and, 144 
clinical description, 105, 641-642 
complications, 105 
encephalitis and, 105, 117 
encephalopathy and, 118 
febrile seizures and, 132 
Guillain-Barré syndrome and, 166 
meningitis and, 105, 142 
hearing loss and, 105, 216 
hepatitis and, 212 
optic neuritis and, 157 
transmission, 104-105 
transverse myelitis and, 105, 155 
type 1 diabetes and, 105, 211 
vaccine development and 
recommendations, 105-106, 108 
virus description, 104 
See also Measles, mumps, and rubella 
(MMR) vaccine 
Myocardial infarction 
definition, 642 
influenza vaccine and, 387-389, 404t 
mechanism(s) that may contribute to 
symptoms of, 388 
Myocarditis 
definition, 642 
DTaP vaccine and, 579—580, 5881 
mechanism(s) that may contribute to 
symptoms of, 580 
Myoclonic epilepsy, 84, 642 
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N 


National Childhood Vaccine Injury Act, 1, 
28-29 
National Vaccine Injury Compensation 
Program 
purpose, 29 
scientific basis for adjudication under, 30 
scope of coverage, 1-2, 2n, 30n 
structure, 29 
National Vaccine Program Office, 29 
Neisseria meningitides 
bacteria description, 599 
clinical description, 599 
complications, 599, 600 
nomenclature, 600 
transmission, 599 
vaccine development and 
recommendations, 600-602 
Nested case-control studies 
definition, 642 
studies contributing to the weight of 
epidemiologic evidence, 302-303, 
306t, 315, 3171, 324-325, 330t, 
447-449, 4511, 4521, 551, 5521 
Neuraminidase surface proteins, 294 
Neuritis, definition of, 642 
Neuromyelitis optica 
definition, 642 
hepatitis B vaccine and, 446-447, 4917 
human papillomavirus vaccine and, 509, 
521t 
influenza vaccine and, 314, 402¢ 
mechanism(s) that may contribute to 
symptoms of, 158-159, 314, 447, 
509 
MMR vaccine and, 10, 36, 158-159, 219t 
Neuropathy, definition of, 642 
Northern California Kaiser Permanente 
Patients, 133-134, 1351, 175, 
1781, 1921, 197t, 250, 268, 275, 
438-439, 574, 578t, 618 
Nurses’ Health Study, 447-448, 4517 


O 


Oculorespiratory syndrome 
definition, 642 
influenza vaccine and, 18, 21r, 391-401, 
404t, 632 
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mechanism(s) that may contribute to 
symptoms of, 400 
Opsoclonus myoclonus syndrome 
definition, 642-643 
DTaP vaccine and, 560-561, 587t 
mechanism(s) that may contribute to 
symptoms of, 168, 561 
MMR vaccine and, 167-168, 219t 
Optic neuritis 
definition, 643 
DTaP vaccine and, 549—550, 5861 
hepatitis B vaccine and, 443-446, 4917 
influenza vaccine and, 310-313, 4027 
mechanism(s) that may contribute to 
symptoms of, 157, 313, 446, 550 
MMR vaccine and, 156-158, 219t 
scope of review into vaccine events, 2, 
10, 36 
Orthomyxoviridae, 293 


Pancreatitis 
definition, 643 
human papillomavirus vaccine and, 
517-518, 521t 
mechanism(s) that may contribute to 
symptoms of, 518 
Pertussis vaccine, acellular. See Acellular 
pertussis vaccine 
Pertussis vaccine, whole cell 
adverse event review, 1-2, 30, 530 
development, 529 
susceptibility to adverse events, 84 
See also Diphtheria toxoid, tetanus-toxoid, 
and acellular pertussis antigen- 
containing (DTaP) vaccines 
Pneumonia 
definition, 643 
influenza infection and, 294-295 
meningococcal infection and, 599 
varicella vaccine and, 250-253, 255-256, 
283t 
varicella vaccine and mechanism(s) 
contributing to symptoms of, 256 
Polio vaccine, 2, 28, 30 
Polyarteritis nodosa 
definition, 643 
hepatitis B infection and, 67 
hepatitis B vaccine and onset or 
exacerbation of, 477-479, 492t 
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influenza vaccine and, 383-384, 4031 
mechanism(s) that may contribute to 
symptoms of, 67, 383-384, 479 
Pregnancy, rubella infection in, 106-107 
Preventive interventions 
accomplishments, 27 
evolution of vaccination programs, 27 
ProQuad, 107-108, 242 
Psychogenic factors in complex regional 
pain syndrome, 79 
Purpura. See Immune thrombocytopenic 
purpura 


R 


Randomized clinical trials, 43-44 
Randomized controlled crossover trials, 
studies contributing to the weight of 
epidemiologic evidence, 392-393, 
395-397t 
Randomized controlled trials 
contributing to the weight of 
epidemiologic evidence, 359-360, 
365t, 367-368, 372t, 379-380, 
381t 
definition, 643 
double blind randomized controlled trials 
contributing to the weight of 
epidemiologic evidence, 175-176, 
178-1791, 183-184, 1881, 190, 
1921, 195, 1971, 318, 320t, 
345, 347-348, 3511, 353t, 354t, 
357-358, 3621, 367, 370-3711, 
373-374, 376t, 516-517 
Rechallenge reports 
as an attribution element, 13, 46-47, 84 
Research and development, vaccine, 28 
Retrospective studies, 644 
Rubivirus (rubella infection) 
acute disseminated encephalomyelitis, 
154 
arthropathy in men and, 106, 202 
chronic arthralgia in women and, 106, 
194 
chronic arthritis in women and, 106, 198 
chronic arthropathy in children and, 106, 
200 
clinical description, 106-107, 644 
encephalitis, 106, 117 
Guillain-Barré syndrome and, 106, 166 
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hepatitis and, 212 

optic neuritis and, 157 

neuromyelitis optica, 158 

transient arthralgia in children and, 106, 
185 

transient arthralgia in women and, 106, 
181 

transmission, 106 

transverse myelitis and, 155 

vaccine development and 
recommendations, 107, 108 

virus description, 106 

See also Measles, mumps, and rubella 
(MMR) vaccine 


Seizures 
afebrile, definition, 635 
definition, 644 
DTaP vaccine and, 537-544, 5851 
hepatitis B vaccine and, 438-440, 4917 
influenza infection and, 294 
influenza vaccine and, 2, 36, 301—304, 
305-3071, 402t 
mechanism(s) that may contribute to 
symptoms of, 68-70, 132, 269, 
304, 439, 544 
MMR vaccine and, 18, 207, 119-137, 
218t 
varicella vaccine and, 268-269, 283t 
See also Febrile seizures; Infantile spasms 
Self-controlled case-series study 
definition, 644 
studies contributing to the weight of 
epidemiologic evidence, 112, 
1152, 121, 122-124, 128-1308, 
145-146, 149-1502, 184, 188t, 
323-324, 325, 329—330t, 336, 
338t, 346, 3521, 386, 387-388, 
449, 453t, 459, 4621, 539-540, 
5421, 602 
Sequential vaccination, 36 
Serum sickness 
definition, 644 
DTaP vaccine and, 566-567, 587t 
mechanism(s) that may contribute to 
symptoms of, 566-567 
Shingles. See Herpes zoster 
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Shoulder pain and stiffness, 80 
See also Deltoid bursitis 
Small fiber neuropathy 
definition, 644 
influenza vaccine and, 340-341, 402 
mechanism(s) that may contribute to 
symptoms of, 274-275, 341 
varicella vaccine and, 10, 36, 274—275, 
284t 
Smallpox, 27 
Special Masters, 2, 29, 30 
Streptococcal infection 
immune complexes, 67 
molecular mimicry, 71 
superantigens, 76 
Streptococcus pneumoniae, 61 
Stroke 
definition, 645 
influenza vaccine and, 386-387, 403t 
mechanism(s) that may contribute to 
symptoms of, 280, 386-387 
varicella vaccine and, 10, 36, 279—280, 
284t 
Subunit vaccines, 59 
Sudden infant death syndrome 
definition, 645 
DTaP vaccine and, 581—582, 5881 
Superantigens. See Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 
Surveillance system for adverse events 
definition and features, 645 
legislation in support of, 1, 28-29 
See also Vaccine Adverse Event Reporting 
System (VAERS) 
Susceptible individuals and populations 
application to adverse event review, 24, 
54 
hypersensitivity mechanisms, 64—66 
predispositions in, 82-84 
See also Genetic risk factors 
Swine influenza vaccine, 321” 
Syncope 
clinical features, 80-81 
definition, 645 
injection-related adverse events, 620—624, 
625t 
mechanism(s) that may contribute to 
symptoms of, 623-624 
as result of vaccine injection, 18 
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See also Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 

Systemic lupus erythematosus 

definition, 645 

hepatitis B vaccine and, 471-473, 4921 

immune complexes in, 67 

influenza vaccine and, 373-379, 403t 

mechanism(s) that may contribute to 
symptoms of, 67, 378, 473 


T 


T cells. See Biological mechanisms, 
pathophysiologies, and 
susceptibilities with the potential 
to contribute to adverse events 

Tetanospasm, 527 

Tetanus infection, 527-528, 562, 645 

Tetanus toxoid-containing vaccines 

anaphylactic reactions, 18 

development, 528 

effectiveness, 528 

non-whole cell pertussis, 1”, 2 

summary of evidence and causality 
conclusions, 207, 22t, 585—588t, 
683-687t 

See also Diphtheria toxoid, tetanus- 
toxoid, and acellular pertussis 
antigen-containing (DTaP) 
vaccines 

Thrombocytopenia 

definition, 645 

mechanism(s) that may contribute to 
symptoms of, 282 

varicella zoster vaccine and, 281—282, 
284t 

Thromboembolic events 

definition, 645 

human papillomavirus vaccine and, 
519-520, 521t 

mechanism(s) that may contribute to 
symptoms of, 519 

Thromboembolism, definition of, 645 

Time interval between vaccine 
administration and adverse event 

case report evaluations, 13 
Vaccine Injury Table reporting 
requirements, 29 


INDEX 


Tissue responses. See Biological 
mechanisms, pathophysiologies, 
and susceptibilities with the 
potential to contribute to adverse 
events 

Transverse myelitis 

definition, 646 

DTaP vaccine and, 547-548, 586t 

hepatitis A vaccine and, 424-425, 431t 

hepatitis B vaccine and, 442-443, 4917 

human papillomavirus vaccine and, 508, 
521t 

influenza vaccine and, 309-310, 4021 

mechanism(s) that may contribute to 
symptoms of, 155, 273, 309, 
424, 443, 508, 548, 605 

meningococcal vaccine and, 604—605, 
611: 

MMR vaccine and, 154-156, 219t 

varicella zoster vaccine and, 272-273, 
284t 

Trismus, 527 

Type 1 autoimmune chronic hepatitis, 
421-422 


Urticaria 
definition, 646 
See also Chronic urticaria 


V 


Vaccine Adverse Event Reporting System 
(VAERS), 29, 171-172, 215, 
244-245, 257-258, 263, 276, 
277, 281, 313, 335, 343-344, 
382, 469, 474, 477, 515, 
618-619, 622, 623, 631, 646 
Vaccine information statement (VIS), 29 
Vaccine Injury Table 
purpose, 29 
Vaccine Safety Datalink (VSD), 111-112, 
121, 156, 160, 170, 205-206, 
262, 279, 301, 302, 303, 310, 
315, 326, 336, 342, 348-349, 
428, 443, 448, 458-459, 488, 
535, 540, 551, 573, 646 
Vaccines, general 
historical evolution, 27 
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mechanism of action, 28, 57-59 

public health benefits, 28 

recognized risks, 28 

See also Adverse events, generally; 
specific vaccines 

Varicella Vaccine Collaborative Study, 
241-242 
Varicella zoster vaccine 

acute disseminated encephalomyelitis, 
271 

anaphylaxis, 18, 20t, 275-278 

arthropathy, onset or exacerbation, 
278-279 

causality conclusions. See Causality, 
varicella zoster vaccine 

as cause of adverse events. See Causality, 
varicella zoster vaccine 

cerebellar ataxia, 269-270 

development of, 241-242 

disseminated Oka VZV with subsequent 
infection resulting in pneumonia, 
meningitis, or hepatitis, 249-256 
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